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Reports 


Impact of Tritium on the Watch Industry, 1966—1970 


F. J. Bradley, R. Blais and A. Jones’ 


Tritium contamination from self-luminous watches at wholesale im- 
porters, retailers, and refinishers has been investigated. Air, surface- 
wipe, and urine samples were analyzed for tritium content by liquid 
scintillation counting to determine the extent of the contamination. 

Eleven storage vaults were surveyed, and the highest human exposure 
(0.56 rem per year) was found in a firm which handled approximately 
200 Ci/a and had poor vault ventilation. Contamination was negligible in 
vaults at retail establishments. 

The casing and repair areas of a firm which handled more than 100 
Ci/a had air, surface, and human contamination values of 0.063 pCi/cm, 
11,200 pCi/100 cm3, 0.48 wCi/liter, and 0.039 pCi/cm’, 7,820 pCi/100 cm2, 
and 0.22 uCi/liter, respectively, on a yearly average. The casing and 
repair areas of a firm which handled about 10 Ci/a had air, surface, and 
human contamination values of background, 430 pCi/100 cm? and 0.08 
uCi/liter, and background, 807 pCi/100 cm?, and 0.05 yzCi/liter, respec- 
tively, on a yearly average. 

A refinisher who handled an estimated 30-50 Ci/a had air, surface, 
and human contamination values of background, 33,600 pCi/100 cm? 
(near stripping solution), and background, respectively, on a yearly 


average. 


In the New York Metropolitan Area there 
are about 40 firms manufacturing, importing, 
and distributing self-luminous watches con- 
taining tritium. In plants belonging to these 
firms there are various areas where employee 
exposure to tritium may exist. Specifically, in 
a manufacturing plant, exposure areas include 
areas for mixing the tritiated compound with 
phosphor and adhesive (usually the phosphor 
is mixed with tritium in one plant and the 
adhesive is added to the mixture in a different 
plant at the time the paint is to be applied) 
and areas for painting watch hands and dials. 
Based on studies by others (1-2) and our own 
experience, there is no doubt that at the manu- 
facturing stage, significant employee exposures 
can occur, 

Less well known are the exposures to em- 
ployees in other steps of the self-luminous 
watch industrial cycle (figure 1). For reasons 
of commerce, components of watches are im- 
ported into the United States primarily in the 


1 New York State Department of Labor, Division of 
Industrial Hygiene, 80 Centre Street, New York, N.Y. 
10013, 
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New York City area and assembled or cased 
into complete watches. The watches are then 
stored and distributed later to retailers through- 
out the country. Occasionally, at the consumer 
level, watches are returned for repair. At the 
end of the cycle some watches are returned to 
firms that specialize in refinishing the watch 
dials and hands according to customer speci- 
fications. Self-luminous watches at the present 
time may contain radium, tritium, or prome- 
thium-147 when they are returned, but they are 
usually repainted with radium. 

All firms handling more than 2,000 self- 
luminous watches (representing about 2-10 Ci 
of tritium) at any one time are required to 
possess a radioactive materials license for pos- 
session and use of tritium. 

This report covers studies that were con- 
ducted in watch storage, casing, repair, and 
refinishing areas. The survey techniques used 
in these areas were designed to determine 
the tritium surface and air contamination 
and human exposures. Surface contamination 
was determined by wiping an area of approxi- 
mately 100 cm? with a Whatman No, 42 filter 
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Figure 1. Industrial cycle for a self-luminous watch 



































paper (approximate area 6.2 cm’). Particulate Watch storage areas 

and tritiated water vapor contamination was 

determined by drawing air, first through a In the first phase of the study, the storage 
filter paper, and then through two midget im- vaults of 11 firms were checked three times in 
pingers containing 10 ml of water each. Human an 1l-month period. Table 1 summarizes the 
tritium exposure was determined by collecting results from the checks; the first nine listed 
urine samples from employees. All samples were firms are wholesale-importers, the last two are 
analyzed for their tritium content using the retailers. Firm X handled approximately 40,000 
standard liquid scintillation counting tech- watches annually which represents about 200 
nique (3). Ci of tritium. The average surface contamina- 


Table 1. Results of storage area survey 





Number of Tritium Number of | Surface Air | 
self-luminous activity self-luminous activity concentration ® Resuspension | Room 
watches on hand watches pCi pCi factor > ventilation® 
on hand (Ci) handled ( ————— — (X 10 em-!) | 
yearly 





100 cm? em? 





| Oct 1966 5, 40,000 
Jan 1967 | 
Aug 1967 
Oct 1966 
Jan 1967 
Aug 1967 
Oct 1966 
Jan 1967 | 
Aug 1967 | 
Oct 1966 4 ; BS } 
Jan 1967 55 
Aug 1967 é 
| Oct 1966 
Jan 1967 
Aug 1967 
| Oct 1966 | 
Jan 1967 
Aug 1967 
| Oct 1966 2 2, 
Jan 1967 2,7: | 


to z 
KOwannh s+ 


2 
Background 
-0439 


Vv 

nN. 

mW 
GIN nynwf 


_ 





Background 
.179 

| Aug 1967 
| Oct 1966 
Jan 1967 
Aug 1967 
Oct 1966 
Jan 1967 
Aug 1967 

-| Oct 1966 
| Jan 1967 
Aug 1967 


.150 
Background 
Background 
Background 


| 
| | 
| li | None 
.031 

Background 
| None 


Background None 
.0340 


Jan 1967 
Aug 1967 


-2 
2.06 


| 

| 

| | 

Oct 1966 | | 
| 


-0356 | >173 (open area) 








« Air concentration classified as background unless it is equal to or greater than the background plus 3¢ value for the Tri-Carb counter (outside the 
99.9 percent confidence band around counter background). 


> Resuspension factor = air concentration in pCi/em* 


surface concentration in pCi/cm?, 


¢ None-no mechanical ventilation provided. Poor—-mechanical ventilation provided, but air flow across vault entrance less than 10 linear feet per minute. 
Good-mechanical ventilation provided, and air flow across vault entrance greater than 10 linear feet per minute. 
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tion varied from 576 pCi/100 cm? to 2,076 
pCi/100 cm?. The air concentration for the 
October 1966 survey was 2.13 pCi/cm* and for 
the January 1967 survey, 2.05 pCi/cm*, which 
were the highest air concentrations observed 
during the study. In August 1967, the air con- 
centration was 0.62 pCi/cm* and the number of 
watches in storage was down from 15,000 in 
October 1966 to 10,000. The total tritium ac- 
tivity on hand at the time of the survey ranged 
from 84 Ci in October 1966 to 56 Ci in August 
1967. Initially, a survey was conducted during 
the summer months because greater air and 
surface contamination was thought probable 
due to the generally high humidity at that time 
of year. The vault ventilation was rated as poor 
in this firm. 

Firm I had on hand 30,000 watches or 30 Ci 
of tritium during the October 1966 and August 
1967 surveys, but the firm did not know pre- 
cisely how many self-luminous watches were 
handled on an annual basis. The average sur- 
face activity in the vault ranged from 291 
pCi/100 cm? to 3,825 pCi/100 cm? and the air 
concentration ranged from 0.066 to 0.138 pCi/ 
cm’, considerably lower than Firm X. The 
ventilation in this vault was rated good and 
certainly contributed to the lower air concen- 
tration in addition to the lower total activity 
on hand at the time of the survey as compared 
to Firm X. The remaining nine storage areas 
which were surveyed handled less activity and 
had less surface activity, although Firm III, 
reporting only 600 watches (representing a 
total activity of 0.5 Ci of tritium) on hand dur- 
ing the October 1966 survey, had an average 
surface activity of 2,764 pCi/100 cm? at that 
time. The air concentration for this firm varied 
from background in October to 0.179 pCi/cm* 
in January 1967. 

Urine samples were obtained from persons 
working in the vaults at several firms, and 
based on average tritium excretion values, 
estimated annual dose equivalents were calcu- 
lated. Table 2 summarizes these dose estimates. 


In all cases, the firms handling less than 
2,000 watches had air concentrations less than 
0.5 pCi/cm*, which is the International Com- 
mission on Radiation Protection’s (ICRP) rec- 
ommended value for an uncontrolled area, and 
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Table 2. 


Annual dose equivalent estimated for persons 
working in storage areas 





| Excretion | 
re | Survey | a D* 
Firm | period Ci ; mrem D 
1967 (mrem/a) 
week 





| 
.| January | 
August 


August | 
January 
| August 


.| January 
August 
33 
.-| January | 

| August 


31 





* Assumes 28 yuCi/liter is equivalent to q = 1,000 wCi and D = 100 
mrem/week 

b Average of two persons. 

¢ Average. 

4 No estimate made due to insufficient data. 


surface contamination values ranged from 4 to 
2,800 pCi/100 cm*. Resuspension factors in 
units of pCi/cm* per pCi/cm*? ranged from 
2 X 10°* cm" to >2 em”. As one might expect 
these values are considerably higher than those 
found with nonvolatile plutonium compounds 
reported by Jones and Pond (4). Resuspension 
factors in that study ranged from 2 x 10-*° to 
5 X 10° em", 

As with many real life studies of this type 
there was observed in the variables studied a 
considerable range and general lack of correla- 
tion among the variables. Specifically, as 
table 1 indicates, there is no consistent correla- 
tion between tritium air and surface contam- 
inations. But if one combines the total tritium 
activity on hand, the vault ventilation and the 
ability of tritium to exchange with stable 
hydrogen, especially in the water molecule, 
some of the apparent discrepancies are at least 
plausible. 


Watch casing, repair, and refinishing areas 


Table 3 gives the average tritium surface 
contamination observed in various areas in a 
sample of 21 firms which were inspected over 
a period of 1 year. Average surface contamina- 
tion values ranged from 41 to 54,200 pCi/100 
cm? with the greatest contamination generally 
observed in the casing area. The nature of the 
workload in the various areas in the watch 
firms with a mix of non-self-luminous and self- 
luminous watches makes it extremely difficult 
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Table 3. 


Results of surface wipe survey 




















Average surface activity 
pci 
100 cm? 
Firm 
Quality 
Casing Repair Packing control 
area area area area 
ee 54,200 
7,020 
2,380 
_ eee 9,760 2,690 
2,820 160 
_ eee 9,210 | 6,430 922 
Ditiiansewacneia 5,820 | 
ee 4,660 
| ees 2,010 
EE er 1,740 5,390 
— Se 1,560 
eS 1,480 | 
Es 1,400 | 
Ii scsi ed | 1,100 | 363 
ae | 72 45 
| ats 639 | 4,000 
” RNAS 628 
|), } 591 1,030 
=e 451 
Oe niieceinaiasticndccnet } 413 | 843 
See | 301 
eee 296 
a | 85 
EE 41 
| 








and impractical to segregate work areas in 
the radiation sense into controlled and uncon- 
trolled areas. Therefore, surface contamination 
guidelines for uncontrolled areas must be met. 


Based, at least partially, on the results of the 
watch storage area phase of the study, a guide- 
line for tritium surface contamination in un- 
controlled areas was established at 1,000 pCi/ 
100 cm* average and 5,000 pCi/100 cm? maxi- 
mum. 

One notices from table 3 that two repeat 
visits were required to get Firm 19 down to 
2,000 pCi/100 cm? average which was still a 
factor of two above the guideline. 

While the tritium surface contamination 
guideline is 10 times the guideline in use by 
the New York State Department of Labor for 
all other beta-gamma emitters, there were still 
13 firms (62 percent) above the’ guidelines. 
Tritium decontamination is-a problem with 
some cleaned areas ending up with higher sur- 
face activity than before the cleaning. In addi- 
tion, due to tritium’s low radiotoxicity, it is 
possible that the guidelines may be set too low. 

The next phase in the study was conducted 
in three firms over a 12-month period in an 
effort to correlate the surface, air, and urine 
excretion values. No special attempt was made 
to change handling procedures during this 
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phase of the study but firms had removed the 
green felt pads, which are the hailmark of a 
watchmaker, from the workbenches because 
the pad was an obvious source of tritium ac- 
cumulation. 


Watch casing and repair areas 


Two watch importers, designated Firm A 
and Firm B, were surveyed monthly over a 1 
year period. In each firm, the casing and repair 
areas were checked. 


In the casing area of Firm A, 15 persons 
were employed to perform two operations. One 
operation involved the insertion of a watch 
movement into a watch case; 100 watches were 
cased per man per day. The other operation 
in the same area involved the repair of new 
watches; 20-25 watches were handled per man 
per day. Approximately 23 percent of the watch 
line handled by Firm A is self-luminous and 
142 curies were handled per year in the casing 
area during 1969. Each individual work area 
was cleaned daily with a sponge. The average 
surface activity for the 12-month period was 
11,200 pCi/100 cm*. The survey results are 
summarized in table 4 and plotted in figure 2 
on a semi-logarithmic scale. The log scale was 
necessary due to the extremes in the activity 
found. In figure 2, the floor and table surface 
activities are plotted separately with the table 
showing the highest activity. This is not sur- 
prising since hot spots, presumably arising 
from specks of self-luminous material flaking 
off the watches, are to be expected. The average 
air concentration during the same period was 
0.058 pCi/cm*, which is 11.6 percent of the 
maximum permissible air concentration for 
uncontrolled areas. Urine samples were col- 
lected from two persons, and analysis of the 
samples yielded an average value of 0.48 »Ci/ 
liter, which is 17.3 percent of the permitted 
value for persons working in uncontrolled 
areas. Resuspension factors ranged from 3.3 X 
10 to 2.0 X 10° cm", a factor of 10-1,000 
lower than was observed in the storage area. 


In the repair area for used watches, 43 
watchmakers were employed. It was estimated 
that a total of 137 curies of tfitium activity 
was handled per year. The individual work 
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Table 4. 


Survey results of casing area, Firm A 


Survey results of repair area, Firm A 





surface concen- Excretion 


value 


(i) 
liter 


Average | Air | 
| 


activity tration Resuspen- 


| 
Time | ‘ : sion 
( om) (=) | factors 
| 100 em?/ | em * (em!) 


Table 5. 
| 
Average | 


surface 10 eK | Excretion 
| activity Resuspen- value 


H : sion | : 
( Ci ) ( factors («<:) 
| \100 em?/ | | (em-) liter 





| 

| 

| 

| 

May 1969 5,¢ | F 65 | 

June 1969_-.-_---| : 
| 

August 1969__- | s 3h | 

September 1969_| 3,420 | -037 | | 

October 1969- - _| 1,72 

November 1969_ 

December 1969- 

January 1970__- 

February 1970_- 








May 1969_____- 
June 1969_____- 
July 1969_____-| 
August 1969____| 
September 1969_ 
October 1969- - - 
November 1969_| 3,560 | 
December 1969-| 1,370 | 
January 1970__- 8,940 

February 1970_- 16,000 


3,500 
15,100 
2,660 


-76 X10-3 
3.9 X10-4 
2.93 X10-3 
4,260 .29 X10-3 
26,900 

902 | 


2,860 





Average....--_- a 


Average..._..-.-| 7,820 





Percent of 
maximum 
permissible 


concentration-| 


Percent of 
maximum 
permissible } 
name 67.8 








® Within backgrdund plus 3¢. 
b See text, page 608, for explanation. 


benches were cleaned, in most cases daily, and 
there was a general weekly cleanup with disin- 
fectant. The annual average surface activity 
was 7,820 pCi/100 cm? and the monthly values 
are summarized in table 5. The surface activity 


10° 102 





SURFACE ACTIVITY 
EXCRETION VALUE 
(uCi/liter) 


Excretion 
Value 











i i i i i. A. 
apr | juNE | auG | oct | pec | Fes | 
MAY JULY SEPT NOV JAN MAR 


1969 1970 
Figure 2. Casing area, Firm A 


December 1971 


® Within background plus 3c. 
b See text, page 608, for explanation. 


results are plotted in figure 3. The month-to- 
month variation was less on the floor compared 
with the activity noted on the tables. The least 
variation was found in the average urine excre- 
tion value, which is 0.22 ,»Ci/liter for the 
survey period. Since the body acts to integrate 
and smooth out the exposure, the smaller varia- 
tions are to be expected. The average air con- 
centration was 0.039 pCi/cm’, slightly above 
background and 7.8 percent of the maximum 
recommended value. Resuspension factors 
ranged from 3.9 X 10~ to 6.1 x 10° cm". 

Firm B employed a varying number of peo- 
ple in the casing area. The number of people 
employed ranged from a high of 18 during the 
May through December 1969 period to a low of 
12 in the slack period from January through 
March 1970. The total activity of tritium handled 
was approximately 10.5 curies per year. Be- 
tween 5 to 10 percent of the watches contained 
tritium. Workbenches were washed weekly and 
floors cleaned once per month. The average 
surface activity over the 12-month period was 
430 pCi/100 cm? and the average excretion 
value for 2 persons was 0.08 ,»Ci/liter. The 
monthly results are given in table 6 and plotted 
in figure 4. The air concentration was at back- 
ground. When they could be calculated, resus- 
pension factors varied from 6.7 X 10° cm“ to 
4.9 X 10° cm”. 
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Figure 3. Repair area, Firm A 

In the repair area, employment during the 
study period varied between a minimum of 17 
to a maximum of 25 watchmakers. The total 
tritium activity handled in this area was esti- 
mated to be about 7.5 curies per year. Benches 
were cleaned twice per week and floors once per 


Table 6. Survey results of casing area, Firm B 





Average Air 
| surface concen- | Resuspen- Excretion 
tration | sion value 


Time | activity c | é 
( pCi (2) factors ( i) 
100 em? em? (em-') liter 








April 1969__- 
May 1969-_- 
June 1969_-__ _ 
July 1969. ____- 4.92 X10 
August 1969__ __| , 04 _— 

September 1969_| , 05 .006 _ 

October 1969- - _| 5: -002 _ 

November 1969- 
December 1969- | 
January 1970__- | 
February 1970_- ¢ d 
March 1970- ---| 5 ? 


3.82 X10 


| 
| 
= 


6.66 X10-3 





Average Background 





Percent of 
maximum 
permissible 
concentration. 

















*® Within background plus 3e. 
b See text, page 608, for explanation. 
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Excretion 
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Figure 4. Casing area, Firm B 


month. The average surface activity was 807 
pCi/100 cm? and the average excretion value 
over the 12-month period was 0.05 ,»Ci/liter 
which is 1.8 percent of the maximum permis- 
sible value. The monthly values are given in 
table 7 and plotted in figure 5. The air concen- 
tration was background in all but the month of 
December 1969. A resuspension factor of 1.6 < 
10-2 cem~ was calculated for the December 1969 
visit. 

The great difference in surface activity be- 
tween Firms A and B can be attributed to the 
amount of tritium handled per year. Firm A, 
which handled more than 10 times the activity 
handled by Firm B per year, had an average 
surface activity more than 10 times the average 
surface activity of Firm B. 


Watch refinishers 


At the end of the watch cycle there exist 
firms which strip off the paint on the watch 
dial and hands and redecorate them according 
to customers’ specifications. The dials and hands 
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Table 7. 


Survey results of repair area, Firm B 





Average Air 
surface concen- Resuspen- Excretion 
activity tration F value 


(woem) | (Se) | % (ize 
100 cm? cm! fe) 





0.04 
-06 
-02 
-03 
-04 
-05 


April 1969..._-- 
May 1969. oa 
June 1969_ 

July 1969. od 
August 1969__-_- 
September 1969_ 
October 1969-__ 
November 1969_ 
December 1969. 
January 1970__- 
February 1970_- 
March 1970_ ~~~ 


PORTE hI 


i) 


~ 
ao 
a 
x 





Average.......- Background 





Percent of 
maximum 
permissible 
concentration. 60.8 

















® Within background plus 3c. 
> See text, page 608, for explanation. 


are placed in a small tray of paint remover 
whose composition varies among firms. It is a 
lye solution in one firm, acetone in another firm, 
and, at the firm studied on a monthly basis, a 
paint solvent solution. After a soaking period, 
the dials and hands are removed, dried and 
refinished. The paint removal operation is 
called stripping. In the firm studied (Firm C) 
seven employees came in contact with the dials 
and hands up to and including the stripping 
operation. A crude estimate gave a value of 
30-50 curies of tritium handled per year. 

The surface activity averaged 33,600 pCi/ 
100 cm? for the room in which the stripping 
was done. This value is biased and does not 
truly represent the room average since the 
number of smears taken was small and con- 
centrated around the stripping solution. Be- 
cause this room had an approximate volume of 
2.3 x 10° cm® (8,000 ft*) the air concentration 
was background in most months except in two 
instances when high filter paper particulate 
activity was noted but little activity was found 
in the impingers. The urine excretion value was 
also near background for the person doing the 
stripping. Other areas in the plant, such as 
the refinishing room and machine shop, had 
negligible average surface activity. 

Despite some hot spots, as indicated by the 
high smear values, the level of radiation from 
self-luminous tritium watches now being re- 


December 1971 





Floor 4 
a 


Average * 
. di 


—_—— 
Table 


SURFACE ACTIVITY 
(pCi/100cm?) 
EXCRETION VALUE 
(wCi/liter) 


Excretion 
Va/ue 


tes 











rT) i] TUNE T AUG T oct ! DEC 
MAY JULY SEPT NOV 
1969 
Figure 5. Repair area, Firm B 
finished does not represent any hazard to the 
worker at this time. 


Removable surface contamination 
for uncontrolled (inactive) areas 


guidelines 


The dilemma and pitfalls posed by setting 
surface contamination guidelines are well illus- 
trated by this study. In the storage area survey, 
high tritium air concentration values were ob- 
served relative to the surface contamination 
values. This resulted in high resuspension 
values which ranged from 2 X 10-° cm™ to >2 
cm-', while in the casing and repair areas rela- 
tively high surface contamination values did 
not lead to high air or human contamination 
values. The resuspension values were also 
lower, ranging from 3.3 X 10+ cm"'to4.9 X 10-7 
cm-'. Therefore, the surface contamination 
guideline of 1,000 pCi/100 cm? average and 
5,000 pCi/100 cm? maximum, which was estab- 
lished partly on the basis of the storage area 
survey, was quite adequate in the casing and 
repair areas. 
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While other investigators (5-6) have detailed 
the problems associated with defining and set- 
ting surface contamination limits, most of their 
remarks and investigations involved controlled 
areas. Our efforts were directed towards guide- 
lines that would be applicable to uncontrolled 
areas or “inactive” areas. Dunster (7) has at- 
tempted to establish along more or less em- 
pirical lines surface contamination guidelines 
for both controlled and uncontrolled areas. He 
came to the conclusion that the limiting factor 
was dose to the skin from deposited radio- 
nuclides. But to date, no generally accepted 
model has arisen similar to the air and water 
exposure models. Consequently, several differ- 
ent sets of limits have been published and are 
summarized in table 8. One can construct a 
model wherein the activity representing the 
maximum permissible body burden is spread 
uniformly over 100 square feet (9.3 m? = 10° 
em?) to yield a maximum permissible surface 
activity. This model has the advantage of de- 
pendency on a radionuclide and permits the use 
of the standard practice of going from con- 
trolled area limits to uncontrolled area limits 
by dividing the controlled area limits by 10. 
The model yields a tritium maximum permis- 
sible surface contamination value of 100,000 
pCi/100 em? for an uncontrolled area. 

In the watch casing and repair areas there 


Table 8. 


appeared to be a correlation between surface, 
air and human contamination values. For the 
casing area in Firm A, these percentages were 
11.2 percent, 11.6 percent and 17.3 percent of 
the maximum permissible values. In the repair 
area in Firm A, the percentages were 7.8 per- 
cent, 7.8 percent and 7.9 percent of the maxi- 
mum permissible values. In these areas there 
were few watches in storage and the ventilation 
was good. Therefore, most of the air contamina- 
tion probably arose from surface contamination 
and the correlation should not be too surprising 
since all of the limits are ultimately based on 
the tritium occupational maximum permissible 
body burden of 1 mCi. On the other hand, the 
watch storage facilities showed no correlation 
between surface, air, and human contamina- 
tion. For Firm X, the percentages were 1.1 
percent, 320 percent and 100 percent of the 
maximum permissible values. The general dis- 
agreement can be explained by the fact that the 
source of the air contamination was not pri- 
marily from surface activity but more likely 
from the tritium on the watches in storage. The 
ventilation in this facility was poor, thereby 
permitting a buildup in air activity from this 
source. 

As indicated in table 8, there are two limits 
for alpha emitters in many jurisdictions. One 
set applies to alpha-emitting radionuclides of 
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low radiotoxicity, such as natural uranium and 
natural thorium, and the other value applies to 
all other alpha-emitting radionuclides. This is 
not the case with beta emitters where a single 
value is given which varies from 4.5 X 10-* to 
10+ »Ci/em?. (The British and French authori- 
ties sometimes list a separate value for very 
high-toxicity beta emitters but the value is 
identical to the value for other beta emitters.) 
The National Council on Radiation Protection 
and Measurements (NCRP) value of 100 cpm/ 
smear is open to various interpretations. If 
one assumes the area covered by the smear is 
100 cm? and a 50 percent geometry and effici- 
ency factor, 100 cpm/smear is equivalent to 
1 X 10 »Ci/cem?. 

The guideline for surface contamination 
which we are using for all beta emitters, except 
tritium, is 1 X 10° »Ci/cm* average and 5 x 
10° »Ci/cm? maximum. The inclusion of aver- 
age and maximum values is more realistic than 
just one value. It is customary to estimate sur- 
face contamination by taking a number of 
smears over surfaces in the contaminated facil- 
ity. The 1 X 10° »Ci/cm? average and 5 x 10° 
»Ci/em? maximum § surface contamination 
guidelines permit a realistic interpretation of 
such a survey. These values would be very 
difficult to live with in the case of tritium, 
therefore values of 10 < 10° »Ci/cm? average 
and 50 X 10° »Ci/em*? maximum were recom- 
mended for tritium. Although higher values 
might be justified in some cases, there are 
other situations, such as in a storage area, 
where a higher limit could be misleading. 

While the results of this study indicate that 
monitoring an isolated parameter, such as sur- 
face contamination, could lead to misleading 


conclusions, it is still important to recognize 
that monitoring surface contamination is an 
important. diagnostic tool in health physics. In 
checking on day-to-day operations it gives in- 
formation on the location and source of con- 
tamination. It assists in identifying problem 
areas. It is a simple and relatively easy moni- 
toring technique to use. In the case of tritium, 
if surface contamination is permitted to build 
up, there will be a gradual buildup in air activ- 
ity as the tritium is covered over through 
cleaning, waxing and painting. Finally, at the 
time of vacating installations, surface contam- 
ination limits are required. Vacating facilities 
is not an infrequent occurrence in the industrial 
world; among licensed watch firms, it occurs 
about once per year. The final cleanup of facili- 
ties when they are vacated might be impossible 
to any realistic limit if the operation is not con- 
ducted under some type of surface contamina- 
tion constraint. Past histories of decontamina- 
tion operations have indicated many times that 
the real problem normally lies not with decon- 
taminating the removable surface contamina- 
tion but in reducing the fixed contamination. 
There is the additional possibility that too high 
surface contamination or even total lack of 
consideration of surface contamination will 
lead to the spread of activity to other areas via 
a person’s hands, clothing, and shoes. 

That the behavior of tritium is peculiar in 
the relationship between its surface and air 
contamination values is clearly shown in table 
9. The table summarizes observed resuspension 
values for several radionuclides taken under a 
variety of conditions. The values for tritium are 
several orders of magnitude larger than those 
observed with all other radionuclides studied. 


Table 9. Some resuspension factors reported in literature 
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Resuspension factor 


Source 
(em~) 





| Eisenbud, Blatz and Barry (5) 

Jones and Pond (4) 

Jones and Pond (4) 

Glauberman, Bottman and Breslin (6) 
Glauberman, Bottman and Breslin (6) 


3 X10-7 
X10-'°—5 K10-7 
X10-1°—5 K 10-7 
x10-7—1 10-4 
X10-7—4.7 X10-° 


x10-6— 1 10-5 
x10-5 
0X10-*— >2 


Brunskill (8) 
Brunskill (8) 
This paper 

3 X10~+—4.9 X10-2 





This paper 
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This might be partially explained on the basis 
of different sampling and averaging techniques 
but probably most of the difference arises 
from tritium, in storage or inaccessible to 
smear detection, interacting with water vapor 
in the air. 


Summary 


Storage vaults of 11 firms (nine wholesale- 
importer and two retailers) were surveyed 
three times over an 11l-month period. A range 
of air, surface, and human contamination was 
found which depended on a variety of factors. 
The principal factors appeared to be the quan- 
tity of tritium in storage and the degree of 
ventilation in the vault. The highest human 
exposure was observed in an individual work- 
ing in a poorly ventilated vault through which 
moved about 200 Ci of tritium annually. At 
the retail level, two storage areas had negligible 
contamination. 

The casing and repair areas of two firms 
were surveyed monthly over a 12-month period. 
The firm handling 142 Ci of tritium on an an- 
nual basis in the casing area had an average 
surface contamination of 11,200 pCi/100 cm’, 
but air and human contamination were a modest 
0.058 pCi/cm® and 0.48 ,»Ci/liter. The repair 
area of this firm, handling 137 Ci of tritium an- 
nually, had average surface contamination of 
7,820 pCi/100 cm* but air and human con- 
tamination were a modest 0.039 pCi/cm* and 
0.22 y»Ci/liter. The casing area of the firm 
handling 10.5 Ci of tritium annually had air, 
surface, and human contamination of back- 
ground, 430 pCi/100 cm? and 0.08 »Ci/liter, re- 
spectively. This firm handled 7.5 Ci of tritium 
in its repair area where air, surface, and human 
contamination was background, 807 pCi/100 
cm” and 0.05 »Ci/liter, respectively. 

One watch refinisher was surveyed over a 12- 
month period. An estimate of 30-50 Ci of 
tritium annually was stripped off hands and 
dials. The area near the stripping solution had 
average surface contamination of 33,600 pCi/ 
100 cm? but negligible air and human con- 
tamination was found. 

To control the spread of tritium contamina- 
tion and to head off future problems in tritium 
decontamination, surface contamination limits 
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of 1,000 pCi/100 cm? average and 5,000 pCi/ 
100 cm? maximum, were adopted. 

Resuspension values found with tritium were 
in the range of 2.0 X 10° to >2 cm” for the 
storage area and in the range of 3.3 X 10~ to 
4.9 X 10° cm” for the casing and repair areas. 
The range of resuspension values are higher 
than those found with other radionuclides. The 
difference may be the result of different experi- 
mental techniques but may also be attributable 
to the buildup of tritium in the atmosphere as 
a result of the exchange of water vapor in the 
air with tritium on watches. This tritium is not 
accounted for in the usual definition of resus- 
pension factor and may contribute to the higher 
values. 
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Jacob Tadmor' 


In evaluating the hazards to man resulting 
from internal irradiation due to inhalation or 
ingestion of radioisotopes, only one pathway 
at a time is considered in presenting the maxi- 
mum permissible concentrations (MPC). It is 
generally assumed that the physical, chemical, 
and biological behavior of the radioisotopes is 
similar to that of the corresponding stable 
elements. Much of the behavior of radioactive 
isotopes in an equilibrated environment (for 
instance, the extent of their assimilation and 
concentration in different organs of the human 
body) of limited content of the element could 
be influenced by the specific activity of the 
radionuclide, i.e., the ratio between the mass 
concentration of radioactive and total (radio- 
active and stable) isotopes present. This is 
especially true in the case of a routine and 
continuous release of radioisotopes to the envi- 
ronment. Therefore, in establishing the MPC 
for a radionuclide, it is important to consider 
the ratio between the concentrations of the 
radioactive and total isotopes in an envirun- 
ment in equilibrium with a source of a radio- 
nuclide release, i.e., in which all pathways by 
which a man may take in a radionuclide (air, 
water, food, etc.) are in equilibrium with it (7). 

The specific activity concept in recommend- 
ing maximum permissible concentrations of 
radionuclides has been suggested by the Na- 
tional Academy of Sciences (2) and applied 
by several authors (3-7). 

In the present study, an example is presented 
showing the influence of the concentration of 
stable elements on the assimilation and concen- 
tration of radioactive material in the human 
body in an environment which is assumed to 
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Technical Notes 


Consideration of Stable Iodine in the Environment in the Evaluation 
of Maximum Permissible Concentrations for Iodine-129 


be in equilibrium with a source of a radio- 
nuclide release. 


Evaluation of MPC’s for radionuclides 


Consideration of the relationship between 
the concentration of stable and radioactive 
isotopes in an equilibrated environment reveals 
that a revision of the MPC’s established for 
certain radioisotopes may be in order. 

Consider a radioisotope of which the mass 
concentration corresponding to the MPC is high 
relative to that of the stable element in the 
environment. Assume that the same ratio exists 
at equilibrium in the human body. This is true 
for radionuclides having a long half-life, so 
that the radioactive decay constant is negligible 
compared to the biological elimination con- 
stants in the food chains leading to human 
intake. Then, the actual radioisotope burden 
in the critical organ, following the establish- 
ment of an equilibrium state, may exceed the 
maximum permissible burden established by 
the radiation and MPC limitation. In this case, 
the MPC should be reduced according to the 
equilibrium ratio between the radioactive and 
total isotopes in the environment and critical 
organ. Consideration should also be given to 
the potential toxicological effects of an in- 
creased mass concentration of the element in 
the environment (8). 

A test computation was performed on the 
MPC in air of iodine-129 and the corresponding 
maximum permissible burden in the thyroid, 
taking into consideration the ratio between the 
mass concentration of the radioactive and total 
isotopes. 

Adams and Bonnell (9) and Colard et al. 
(10) have shown that ingestion of inorganic 
iodide would significantly reduce the dose to 
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the thyroid due to concurrently inhaled radio- 
active iodine. It was also indicated (10) that 
the iodine-saturated thyroid gland will not 
take up more activity from a new feeding of 
iodide, which will be completely excreted by 
the kidneys. The possible influence of stable 
iodine on the rate of reaction and ultimate fate 
of radioactive iodine in the environment has 
also been discussed by Cowser (11). These 
results indicate that, because of the limited 
content of iodine in the thyroid, a relatively 
high mass concentration of radioactive iodine 
would reduce the amount of stable iodine, up to 
the saturation of the thyroid with radioactive 
iodine. 

A continuous release of iodine-129 to the 
atmosphere may be envisaged following the 
expansion of the nuclear industry, mainly that 
of the nuclear fuel reprocessing plants. It is 
assumed (12) that a 10 tons/day fuel reproc- 
essing plant is representative of the size which 
would be needed by the year 2000 in an area of 
high concentration of nuclear reactors. The 
release of iodine-129 from the reprocessing 
without any separation factor would be 0.33 
Ci/day for a burnup of 20,000 Mwd/ton (13). 
In order to stress the need of ensuring efficient 
removal of iodine-129 from stack gases, it is 
assumed, for illustrative purposes, that about 
90 percent of the iodine-129 contained in spent 
nuclear fuel is released to the atmosphere in 
a nuclear fuel reprocessing plant (14). Assum- 
ing a release of iodine-129 at a height of 50 m, 
the average annual concentration in the envi- 
ronment, along a 22.5° arc, at the region of 
maximum concentration (1 to 5 km) would be 
of the order of 107! Ci/m*® (15), which ap- 
proaches the nonoccupational (168 h-week) 
MPC in air for iodine-129, i.e. 6 X 107! Ci/m® 
(thyroid as critical organ). The nonoccupa- 
tional MPC in air is considered as 1/10 of 
the occupational limit (16, 17). 

Assume that the environment of a fuel re- 
processing plant has a continuous air concentra- 
tion of iodine-129 equal to 6 < 10-"' Ci/m*. The 
specific activity of iodine-129 is 1.6 « 10-* Ci/g 
(6.24 X 10° g/Ci). Thus, the iodine-129 mass 
concentration corresponding to the MPC is 
3.7 x 10° g/m*. Together with iodine-129, 
stable iodine is also released from nuclear fuel 
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reprocessing plants. The ratio of '°I/!?*I in 
spent fuel, after 1 year cooling, being 0.75, 
the concentration of stable iodine at the region 
of maximum concentration would be of the 
order of 107° g/m’. 

This concentration of stable iodine in air is 
assumed to be representative for otherwise un- 
polluted air and is taken for illustrative pur- 
poses, although a wide variability of concentra- 
tions is encountered in different areas. Thus, a 
concentration of 5 X 10-° g/m! is indicated for 
unpolluted air (18), while a range of 0 to 
7 X 10° g/m‘ is indicated by others (19) for 
the concentration of stable iodine. For other 
specific values of stable iodine concentrations, 
different from that assumed in the present 
study, the calculations should be made using the 
local data of the individual cases. 

Considering a long-lived radioisotope such 
as iodine-129 being released continuously to 
the atmosphere, it is assumed that, at envi- 
ronmental equilibrium established after long- 
time release of iodine-129, the ratio between 
iodine-129 and total iodine as found in air 
would exist also in other pathways by which 
man may take in a radionuclide. 

Iodine-129, being continuously released to 
the environment, is also being deposited on 
surface water, soil, and vegetation, which be- 
come equilibrated with the iodine of the atmos- 
phere (20,21). Table 1 shows the half time to 
equilibrium for iodine-129 via different path- 
ways and for various human tissues, as com- 
piled by Pratt (21). It was also found (22) that 
the delay between the appearance of a peak 
in vegetation and its appearance in milk is only 
several days, and that fresh milk is one of the 
principal modes of intake of radioiodine in an 
area where relatively high concentrations of 
the radioiodine exist. Moreover, a “reconcen- 
tration factor” or rather an MPC, reducing 
factor of up to 700 is recommended (23-25) 
for radioactive iodine, when considering the 
pasture deposition—milk exposure pathway. 

Similarly to milk, other pathways of iodine 
intake in man are also assumed to be equili- 
brated with the iodine in the atmosphere. Thus, 
Russell and Hahn (26) indicated that a weed 
sample collected in Cattaraugus’ Creek, about 
1 mile downstream of Nuclear Fuel Services 
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Table 1. Half time to equilibrium for iodine-129 


in various pathways 
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Half time to equilibrium 
(days) 

Pathway 





Organ 
| 


Adult Child 





Whole body -_- 
Sea water and fresh water_| Whole body 
Pilisaccnusdcdacadceeoesid Be fee 
body 





discharge contained 0.81 y»Ci *°I/g of total 
iodine. This would cause about 10 percent of 
the Federal Radiation Council (FRC) guidance 
for the maximum dose to man’s thyroid, assum- 
ing that the ratio of iodine-129 to stable iodine 
is at equilibrium throughout the chain. Also, 
Ng and Thompson (27) assumed, in a study 
of the radiation doses from internal emitters, 
that radionuclides deposited on ground and 
vegetation equilibrate fast within the biologi- 
cal exchangeable pool. 

It is also assumed that all the iodine supply 
to the population, i.e., from air, as well as from 
food items such as milk, vegetables, etc., is 
provided by the environment nearby to the re- 
lease source of iodine-129 (up to about 5 km), 
in which the ratio of iodine-129 concentration 
to that of total iodine is relatively high. 

The average total iodine content in the nor- 
mal thyroid is 7 x 10°° g (16). Assuming that 
all pathways of intake of iodine are equili- 
brated with the iodine in the atmosphere, the 
thyroid would contain at equilibrium mostly 
(75 percent) iodine-129. Thus, its iodine-129 
thyroid burden corresponding to the MPC 
would be: 

(7.5 x 10°) (7x 10° g) (1.6 x 10“ Ci/g) = 
8.4 x 10° Ci. 

In comparison with the estimated thyroid 
burden of 8.4 x 10° Ci, the maximum permis- 
sible burden of iodine-129 in the total human 
body for the nonoccupational population (thy- 
roid as critical organ), established by the radia- 
tion limit and MPC, is 3 x 10° Ci (17) and the 
corresponding thyroid permissible burden (con- 
sidering f, = 0.2) is 6 x 10° Ci.? 


2f2 = fraction of the radionuclide in the critical 
organ of that in total body. 
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It thus appears that, by establishing an 
MPC, for iodine-129 of 6 x 10“ Ci/m® for the 
nonoccupational population, the human thyroid 
burden would reach a level of about fourteen- 
fold higher than the maximum permissible bur- 
den. Consequently, the nonoccupational MPC in 
air should be lowered to a value which would 
yield a fourteenfold reduction in the iodine-129 
specific activity at equilibrium within the thy- 
roid, i.e. 5.4 percent instead of 75 percent, so 
that the maximum permissible burden in the 
thyroid is not exceeded. 

The corresponding iodine-129 burden in the 
thyroid would then be: 

(7x 10° g) (54x 10°) (1.6 x 10° Ci/g) = 
6 x 10° Ci, which is the thyroid permissible 
burden. 

Assuming an average concentration of 107 
g/m* of stable iodine in air and for a specific 
activity of 5.4 percent of iodine-129, the mass 
concentration of iodine-129 in air is calculated 
to be 5.4 x 10° g/m* and the corresponding 
activity concentration is 8.6 x 10-'* Ci/m*, which 
should be the recommended reduced MPC. 

A value of 8.4 x 10° Ci/m', similar to the 
MPC suggested in the present study for iodine- 
129 in air, is also calculated using the specific 
activity models proposed in references 2, 3, 
and 5. 
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Strontium-90 and Cesium-137 in Canned Seafood, Taiwan, 


Republic of China, 1970-1971 


P. S. Weng and Agnes P. L. Liu! 


Since 1970, canned seafood available on the 
market has been regularly monitored for stron- 
tium-90 and cesium-137 radioactivity. Tsing 
Hua University analyzed the samples by means 
of standard radiochemical methods and beta- 
particle counting in a low, background counting 
system. 

The samples included canned seafood from 
Europe, North America, Japan, and Taiwan 
as well as a wide variety of seafood extending 
from sardines to seaweeds. No exceptionally 
high radioactivity was detected during 1970- 
1971 period. The mean concentration of stron- 
tium-90 was 0.14 + 0.03 pCi/g ash and that 
of cesium-137, 0.17 + 0.05 pCi/g ash. The ratio 
cesium-137/strontium-90 was 1.21 + 0.44. The 
results of the analyses are presented in table 1 


‘?. Bs. Weng and Agnes P. L. Liu are with the 
Health Physics Section, National Tsing Hua University, 
Hsinchu, Taiwan 300, Republic of China. 


Table 1. 


and plotted in figure 1. 

The table and figure show that there is no 
significant difference in the fallout content 
among the samples analyzed. As compared with 
fresh fish, such as neothunnus macropterus, 
white dorads, stromateoides argenteus, red 
snapper, dorade, and thunnus thynnus available 
in Taiwan, the gross beta radioactivity in 
canned fish (sardines, herrings, mackerels, sal- 
mon, pacific saury, maguro, tuna, and bonita) 
was 0.61 of that in fresh fish. In other words, 
the fresh sea fish contained more gross beta 
radioactivity in pCi/g ash than the canned 
seafood. 

Other canned seafood, such as deep sea shell- 
fish, snow crab meat, baked bloody clams skew- 
ered, ark shell, laver, top shells, and lobster, 
show a lower gross beta radioactivity than 
canned fish. The gross beta ratio of shellfish to 
fish is 0.33. 


Strontium-90 and cesium-137 levels in canned seafoods, 1970-1971 





| . | 
| Net | Ash 
Seafood and country weight 
of origin | (gz) 


Sample 
number 


Sardines, U.S.A.__- “a 12.3815 
Deep sea shellfish, Mexico _- 55 | 18.8775 
Sardines, Canada_-_ 
Herring, Germany- 
Herring, United Kingdom__-_} 
Baby mackerel, Portugal_ 
Mackerel, Japan_-_ aa 
Snow crab meat, Japan_-_-_- 
| Salmon, Japan_ 
Pacific saury, Japan | 
Baked bloody clams skew- | 
ered, Japan_ 
Mackerel, Japan 
.| Ark shell, Japan___ 
| Mackerel, Japan___- 
Maguro, Japan__- 
Laver, Japan__-__ 
Laver and fish, Japan_ 
Top shells, Japan 
Tuna, Taiwan_-_- 
Lobster, Taiwan 
Tuna, Taiwan___- 
Bonito, Taiwan 
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Table 1. Strontium-90 and cesium-137 levels in canned seafoods, 1970-1971—continued 





Sample Seafood and country ( Ls ) (—) a pCi (eS 
number of origin kg kg a 


g ash 


| " P . P 3 

| Calcium Strontium-90 - Gross beta Gross beta 
| c 

| (wet weight) | (wet weight) (wet weight) 
| 





Sardines, U.S.A....-- 
Deep sea shellfish, Mexico 
Sardines, Canada-- 
Herring, Germany- 
Herring, United Kingdom- - 
Baby mackerel, Portugal_ 
Mackerel, Japan 
Snow crab meat, Japan 
Salmon, Japan- 4 
Pacific saury, Japan e 
| Baked bloody clams skewered, | 
Japan-_- ‘ | 

| Mackerel, Japan_---- 
| Ark shell, Japan-_- 

Mackerel, Japan_---- 

Maguro, Japan---.- 

Laver, Japan_---- 

Laver and fish, Japan- 

Top shells, Japan-_-- 

Tuna, Taiwan-_-_-_- 
| Lobster, Taiwan-_-- 
| Tuna, Taiwan-_--- 
Bonito, Taiwan 
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Figure 1. Strontium—90 and cesium—137 levels in canned seafood 
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SECTION I. MILK AND FOOD 


Milk Surveillance, August 1971 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption can be readily obtained. Therefore, 
milk sampling networks have been found to be 
an effective mechanism for obtaining informa- 
tion on current radionuclide concentrations 
and long-term trends. From such information, 
public health agencies can determine the need 
for further investigation or corrective public 
health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, 
Environmental Protection Agency, and the 
Office of Food Sanitation, Food and Drug Ad- 
ministration, U.S. Public Health Service, con- 
sists of 63 sampling stations: 61 located in the 
United States, one in Puerto Rico, and one in 
the Canal Zone. Many of the State health de- 
partments also conduct local milk surveillance 
programs which provide more comprehensive 
coverage within the individual State. Data from 
15 of these State networks are reported rou- 
tinely in Radiological Health Data and Reports. 
Additional networks for the routine surveil- 
lance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. 
Environmental Protection Agency)—5 
sampling stations 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of 
National Health and Welfare)—16 samp- 
ling stations. 


The sampling locations that make up the net- 
works presently reporting in Radiological 
Health Data and Reports are shown in figure 
1. Based on the similar purpose for these samp- 
ling activities, the present format integrates 
the complementary data that are routinely ob- 
tained by these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140, A sixth radionuclide, potassium-40, 
occurs naturally in 0.0118 percent (2) abun- 
dance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radiostron- 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963-March 1966 
(3) and were determined for use in general 
radiological health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agree- 
ment of the measurements among the labora- 
tories. The Analytical Quality Control Service 
of the Office of Radiation Programs conducts 
periodic studies to assess the accuracy of deter- 
minations of radionuclides in milk performed 
by interested radiochemical laboratories. The 
generalized procedure for making such a study 
has been outlined previously (4). 

The most recent study was conducted during 
May-July 1970, with 28 laboratories participat- 
ing in an experiment on milk samples contain- 
ing known concentrations of strontium-89, 


Table 1. 


strontium-90, iodine-131, cesium-137, and bar- 
ium-140 (5). Of the 18 laboratories producing 
data for the networks reporting in Radiological 
Health Data and Reports, 13 participated in 
the experiment. 

The accuracy results of this experiment are 
shown in table 1. In general, considerable im- 
provement is needed, especially in the accuracy 
measurements. These possible differences should 
be kept in mind when considering the integra- 
tion of data from the various networks. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by 
beta-particle counting in low-background de- 
tectors, and the gamma-ray emitters (potas- 
sium-40, iodine-131, cesium-137, and barium- 
140) are determined by gamma-ray spectros- 
copy of whole milk. Each laboratory has its 
own modifications and refinements of these 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 





Isotope and known 
concentration 


Acceptable * 


Warning 


Unacceptable ¢ 
evel > 





Strontium-89: a 


Strontium-90: 


Iodine-131: 


Cesium-137: 


Barium-140: 


(33 } pCi /liter) 





(44%) 
(69%) 
(57%) 
5 (25%) 
(67%) 
6B (64%) 
(74%) 
(66%) 
(67 %) 


(92%) 





(6%) 
(19%) 
(17%) 
(20%) 
(7%) 
(12%) 
3 (11%) 
5 (19%) 
(7%) 











® Measured concentration equal to or within 2¢ of the known concentration. 
b Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration. 
© Measured concentration outside 3¢ of the known concentration. 
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basic methodologies. The methods used by each 
of the networks have been referenced in earlier 
reports appearing in Radiological Health Data 
and Reports. 

A previous article (6) summarized the cri- 
teria used by the State networks in setting up 
their milk sampling activities and their sample 
collection procedures as determined during a 
1965 survey. This reference and ah earlier data 
article for the particular network of interest 
may be consulted should events require a more 
definitive analysis of milk production and milk 
consumption coverage afforded by a specific 
network. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short-time periods, and samp- 
ling frequency is not critical. For the short- 
lived radionuclides, particularly iodine-131, the 
frequency of analysis is critical and is generally 
increased at the first measurement or recogni- 
tion of a new influx of this radionuclide. 


The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis (7) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant (7). Particular atten- 
tion was paid to strontium-90 and cesium-137 
in that analysis. 


Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation errors or 2-standard- 
deviation total analytical errors from replicate 
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analyses (3). The practical reporting level re- 
flects analytical factors other than statistical 
radioactivity counting variations and will be 
used as a practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
(pCi/liter) 


Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Radionuclide 








Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample 
determinations. The treatment of measure- 
ments equal to or below these practical report- 
ing levels for calculation purposes, particularly 
in calculating monthly averages, is discussed 
in the data presentation. 

Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range has also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 


Radionuclide (2-standard deviations) 








Strontium-89 1-5 pCi/liter for levels <50 
pCi/liter; 5-10% for levels 


> 50 pCi/liter; 


1-2 pCi/liter for levels <20 
pCi/liter; 4-10% for levels 
> 20 pCi/liter; 


4-10 pCi/liter for levels <100 
pCi/liter; 4-10% for levels 
>100 pCi/liter. 


Strontium-90 


Cesium-137 


Iodine-131 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
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Table 2. Concentrations of radionuclides in milk for August 1971 and 
12-month period, September 1970 through August 1971 





Radionuclide concentration 
(pCi/liter) 
| 





, . , | Type of 
Sampling location | sample * 


Strontium-90 lodine-131 | Cesium-137 


12-month 
average 


| | | 
Monthly 12-month | Monthly 12-month | Monthly 
average b average | average b | average average b 
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Palmer °--- - 
Phoenix *........- 
Little Rock ¢___- ~~ 
Sacramento ¢__.__-- 
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See footnotes at end of table. 


December 1971 





Table 2. Concentrations of radionuclides in milk for August 1971 and 
12-month period, September 1970 through August 1971—continued 


| | 
| Type of 
Sampling location sample*® | 








Radionuclide concentration 
(pCi/liter) 








| 
Monthly | 12-month 
average > avarege 


12-month Monthly 12-month 
average | average> | average 


Monthly 
average > 


Strontium-90 Iodine-131 Cesium-137 
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UNITED STATES —continued 
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Corpus Christi- 
El Paso 

Fort Worth_- 
Harlingen 
Houston 

Lubbock 
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San Antonio. -- 
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Salt Lake City ¢__-_--- 
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See footnotes at end of table. 
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Table 2. 


Concentrations of radionuclides in milk for August 1971 and 


12-month period, September 1970 through August 1971—continued 





Radionuclide concentration 
(pCi/liter) 





Type of 


Sampling location sample * 


Strontium-90 





Iodine-131 


Cesium-137 





Monthly 
average > 


Monthly 
average » 


| 
| Monthly 
average > 


12-month 
average 


12-month 
average 


| 
| 
| 
| 


12-month 
average 








CANADA—continued 


New Brunswick: 
Newfoundland: 
Nova Scotia: 
Ontario: 


Fredericton 

St. John’s. .......- 
ae abies ivaliate 
Ottawa____ aaa 
Sault Ste. Marie____--_- 
Thunder Bay 


Sle 


Quebec: Montreal___-__ 


Saskatchewan: 


CENTRAL AND SOUTH AMERICA: 





Colombia: 
Chile: 
Ecuador: 
Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 


Bogota 
Santiago 
Guayaquil--_- 
Mandeville 


Cristobal ¢__ 
San Juan*¢ 


ZLZZZZZZLZZZZZ 
ee 











PMN network average ! 


























* P, pasteurized milk. 
R, raw milk. 


> When an individual sampling result was equal to or less than the practical reporting level, a value of “0” 


was used for averaging. Monthly averages 


less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than 
the practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in paren- 


theses. 


© Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 


4 Radionuclide analysis not routinely performed. 


e The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 


than the following practical reporting levels: 
lodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi/liter 


Cesium-137: Colorado—25 pCi/liter 
New York—20 pCi/liter 
Oregon—15 pCi/liter 


Strontium-90: New York—3 pCi/liter 


f This entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 

NS, no sample collected. 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioac- 
tivity in milk presented in Radiological Health 
Data and Reports in perspective, a summary 
of the guidance provided by the Federal Radia- 
tion Council for specific environmental condi- 
tions was presented in the December 1970 issue 
of Radiological Health Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks 
discussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological 
Health Data and Reports. The relationship 


December 1971 


between the PMN stations and the State sta- 
tions is shown in figure 2. The first column 
under each of the reported radionuclides gives 
the monthly average for the station and the 
number of samples analyzed in that month in 
parentheses. When an individual sampling 
result is equal to or below the practical report- 
ing level for the radionuclide, a value of zero 
is used for averaging. Monthly averages are 
calculated using the above convention. Averages 
which are equal to or less than the practical 
reporting levels reflect the presence of radio- 
activity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly av- 
erage equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
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Figure 2. 


averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month av- 
erage serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
August 1971 and the 12-month period, Septem- 
ber 1970 to August 1971. Except where noted, 
the monthly average represents a single sample 
for the sampling station. Strontium-89 and 
barium-140 data have been omitted from table 
2 since levels at the great majority of the sta- 
tions for August 1971 were below the respec- 
tive practical reporting levels. Table 3 gives 
monthly averages for those stations at which 
strontium-89 was detected. 

Iodine-131 results are included in the table, 
even though they were generally below practi- 
cal reporting levels. Because of the lower guide 
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State and PMN milk sampling stations in the United States 


levels established by the Federal Radiation 
Council, levels in milk for this radionuclide are 
of particular public health interest. 


Table 3. Strontium-89 in milk, August 1971 





Radionuclide 
concentration 
(pCi/liter) 


Sampling location 





Calif: Del Norte (State) 
Kans: Coffeyville (State) 

Kansas City (State) 
N.Y: New York City (State) 
Chile: Santiago (PAHO) 
Ecuador: Guayaquil (PAHO)-_._----- 
Jamaica: Mandeville (PAHO) 


“INTIS OO OON OO 








In general, the practical reporting level for 
iodine-131 is numerically equal to the upper 
value of Range I (10 pCi/liter) of the FRC 
radiation protection guide. 

Strontium-90 monthly averages ranged from 
0 to 21 pCi/liter in the United States for Au- 
gust 1971, and the highest 12-month average 
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was 17 pCi/liter (Duluth, Minn.) representing 
8.5 percent of the Federal Radiation Council 
radiation protection guide, Cesium-137 monthly 
averages ranged from 0 to 53 pCi/liter in the 
United States for August 1971, and the high- 
est 12-month average was 68 pCi/liter (South- 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
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Networks presently in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intakes 
of radionuclides. Programs reported in Radio- 
logical Health Data and Reports are as follows: 


Period reported Issue 





California Diet Study July-December 1970 November 1971 


Carbon-14 and Tritium in 


Total Diet and Milk January—June 1971 December 1971 
Connecticut Standard Diet January—December 1970 December 1970 
Institutional Diet Samples April-June 1971 November 1971 
Strontium-90 in Tri-City Diets January—December 1970 November 1971 
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Carbon-14 in Total Diet and Milk, January—June 1971 


Environmental Protection Agency 
Office of Radiation Programs 


In July 1965, a program to determine the 
levels of carbon-14 and tritium in the total diet 
and milk in the United States was initiated. In 
December 1970, this program was transferred 
to the Office of Radiation Programs of the En- 
vironmental Protection Agency (EPA). Ini- 
tially, monthly samples from each of the EPA 
Institutional Total Diet Sampling Network 
(ITDSN) and Pasteurized Milk Network 
(PMN) stations were composited and analyzed 
according to six arbitrarily selected regions: 
Northeast, South, Delta, Central, Southwest, 
and Northwest. Figure 1 shows the ITDSN 
and PMN sampling stations in each of the 
designated regions. 

In January 1966, the program was modified 
to include selected stations in each of the pre- 
viously mentioned regions plus Alaska and 
Hawaii. The nine geographically distributed 


sampling stations are: Palmer, Alaska; Hono- 
lulu, Hawaii; Idaho Falls, Idaho; Chicago, III; 
New Orleans, La; Boston, Mass; Portland, 
Oreg; and Charleston, S.C. Los Angeles, Calif. 
is not a PMN station, but a special milk sample 
is collected for purposes of comparison with 
the routine ITDSN sample. 

A 1-liter milk sample and a 2-kilogram food 
sample are sent to the PHS Northeastern 
Radiological Health Laboratory for analysis. 
The milk and total diet samples analyzed rep- 
resent the samples collected for that month. 

The carbon-14 analyses are performed semi- 
annually. The tritium analyses were discon- 
tinued in July 1969 because the results were 
only slightly above the limit of detectability 
and were less than 1 percent of the maximum 
permissible concentration for milk and food 
consumed by the general population. 
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Figure 1. 
December 1971 


ITDSN and PMN sampling stations 





Analytical procedures of 5.4 percent. Table 1 shows the dpm per gram 
of carbon and the carbon-14 concentrations in 
The carbon-14 content is determined by com- total diet and milk for January—June 1971. 
bustion of the milk or food sample and collec- 
tion and purification of the evolved carbon 
dioxide. The carbon dioxide is then converted 
to methane and counted in a gas-proportional 
counter (1). 
Other coverage in Radiological Health Data and 


7 : Reports: 
Results and discussion 


Period Issue 


aa ie sa , : July 1965-December 1968 November 1969 
The carbon-14 concentration in food and January 1969-June 1970 lnmee 197 
milk was measured as dpm of carbon-14 per July-December 1970 May 1971 


gram of carbon and converted to pCi/kg or 
pCi/liter by using the percent carbon in the 
sample. The carbon content in food ranged 
from 8.9 to 11.1 percent with an average of (7) DROBINSKI, J. C. JR., D. P. LAGATTA, A. S. 
10.4 percent, and the carbon content in milk GOLDIN, and J. G. TERRILL. Analyses of en- 


p ‘ - ry vs vironmental samples for carbon-14 and tritium. 
ranged from 4.5 to 7.4 percent with an average Health Phys 11:385-395 (May 1965). 
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Table 1. Carbon-14 in total diet and milk, January-June 1971 





Total diet 
Date = 
Location collected 





dpm/g C + pCi/kg + dpm/g C + | pCi/liter + 
2e 2e¢ 2e 2e 





Alaska: Palmer..........| April 18.02 + 0.33 
May 5.36 ; 390 + 10 

Calif Los Angeles April 16.97 31 7¢ : 36 36 440 + 10 
Hawaii: Honolulu_- April 17.02 + .28 7¢ ‘ NS NS 
I Idaho Falls. April 18.48 36 j : 7 j 460 + 10 


Chicago_ April 16.00 me 400 + 10 
New Orleans__- April 17.08 - 
| May 17.88 F 450 + 10 
Boston__ April 1592+ . 7 15.07 : 380 + 10 
Oreg: Portland_ _ .-| April 16.85 3 K 
May 17.96 a 450 + 
= 


10 
S.C: Charleston - - - - April 17.50 + .36 32 ¢ 17.17 430 


10 





Avernge........... ok 2% 16.90 430 





NS, no sample. 
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Estimated Daily Intake of Radionuclides in Connecticut Standard Diet 


January—December 1970 
Connecticut State Department of Health 


The Connecticut State Department of Health 
has been analyzing a standard diet on a 
monthly basis since March 1963, Analysis are 
made for strontium-89, strontium-90, and 
gamma-ray emitters. 

The standard diet was selected to represent 
the food intake of an 18-year old boy for 1 day 
(table 1). The total weight of the complete 
blended diet, averaging 3 kilograms, included 
milk and dairy products. When raw fruit or 
vegetables were sampled, they were washed 
before blending. 


Table 1. Foods included in standard diet 





Bread, white—8 slices Ice cream— 4 pint 
Butter, % stick | Lettuce, washed—4,5 leaves 
Carrots, scraped— % cup Milk—3 cups 
Celery, washed and trimmed—3 stalks | Oatmeal—uncooked—43 grams 
Cookies—4 | Orange—1 
Cottage cheese— 24 cup | Peanut butter—2 4 tablespoons 
Cupcakes—2 | Pears, canned—2 halves with juice 
Egg—1 | Potatoes, washed, not peeled—2 
Green beans, washed— % cup | Sugar—5 tablespoons 
Ham—85 grams | Tomato juice—113 grams 
Hamburger—227 grams Tuna fish, drained—43 grams 

| 





Cesium-137 concentrations were determined 
by gamma-ray spectrometry (1). Strontium-89 
and strontium-90 concentrations were deter- 
mined by chemical separation techniques (1). 

Table 2 presents the analytical results for 
the Connecticut standard diet from January 
through December 1970. Results representative 
of the total daily intake for the radionuclides 
observed are presented in table 3. 


Table 2. Radionuclide concentrations in Connecticut 
standard diet,* January-December 1970 





Month 
(1970) 


Potassium 
(g/kg) 


Strontium-90 
(pCi/kg) 


Cesium-137 
(pCi/kg) 


| 
| 
= 








January 
February 


September 
| 
November 
December 
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* All strontium-89 values were below the detectable level for this period. 
NA, no analysis. 
NS, no sample. 


In order to evaluate general trends, the 
strontium-90 and cesium-137 daily intakes are 
plotted as a function of time in figures 1 and 2. 


Table 3. Daily radionuclide intakes in Connecticut 
standard diet,* January-December 1970 





| 
Month 
(1970) 


Potassium 
(g/day) 


Cesium-137 
(pCi/day) 


Strontium-90 
(pCi/day) 





January 
February...-_....- ‘ 


August 

September | 
ee 
November 
December... -.------ 


NIDiYNDWANARPAUAAN 
CNDUNOAwW+ Wor 





« All strontium-89 values were below the detectable level limit for this 
period. 
NA, no analysis. 
NS, no sample. 
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Strontium—90 intake in Connecticut standard diet 
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Figure 2. Cesium—137 intake in Connecticut standard diet 
1963-—December 1970 


Recent coverage in Radiological Health Data and REFERENCE 


Reports: 
Period Issue (1) CONNECTICUT STATE DEPARTMENT OF 
= HEALTH. Estimated daily intake of radionuclides 


July-December 1969 December 1970 in Connecticut standard diet, March 1963—Decem- 
ber 1964. Radiol Health Data 6:381-382 (July 


1965). 
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SECTION If. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the observed 
values with the Public Health Service Drinking 
Water Standards (1). These standards, based 
on consideration of Federal Radiation Council 
(FRC) recommendations (2-4), set the limits 
for approval of a drinking water supply con- 
taining radium-226 and strontium-90 at 3 
pCi/liter and 10 pCi/liter, respectively. Higher 


Water sampling program 





California 

Gross Radioactivity in Surface 
Waters of the United States 

Interstate Carrier Drinking Water 

Kansas 

Minnesota 

North Carolina 

New York 

Radiostrontium in Tap Water, 
HASL 

Tritium in Community Water 
Supplies 

Tritium Surveillance System 

Washington 
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concentrations may be acceptable if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for 
control action. In the known absence ' of stron- 
tium-90 and alpha-particle emitters, the limit 
is 1,000 pCi/liter gross beta radioactivity, ex- 
cept when additional analysis indicates that 
concentrations of radionuclides are not likely 
to cause exposures greater than the limits indi- 
cated by the Radiation Protection Guides. Sur- 
veillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities reported in Radiological 
Health Data and Reports are listed below. 


1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported Issue 





January—December 1969 October 1971 
March 1971 

1970 

January—June 1970 
January—June 1970 
January—December 1967 
July 1969—June 1970 


November 1971 
July 1971 
November 1971 
November 1971 
May 1969 
September 1971 
January—June 1970 April 1971 
1969 

April—June 1971 
July 1968-June 1969 


December 1970 
November 1971 
February 1971 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protec- 
tion Standards, Report No. 1. Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 (May 1960). 
FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protec- 
tion Standards, Report No. 2. Superintendent of 
Documents, .S. Government Printing Office, 
Washington, D.C. 20402 (September 1961). 
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Radioactivity in Kansas Surface Waters, January—December 1970 


Radiation Control Section 
Kansas State Department of Health 


Monitoring the levels of radioactivity in the 
surface waters of Kansas is conducted by the 
Kansas State Department of Health, Radiation 
Control Section, in cooperation with the Radio- 
logical Laboratory and Water Data Analysis 
Section. This surveillance program is important 
because of both the present and future poten- 
tial use of Kansas surface waters for domestic, 
recreational, and industrial purposes. 

Liter samples are collected every month at 
each location shown in figure 1. These samples 
are analyzed for alpha and beta radioactivity. 
Radioactivity in these waters consists of the 
natural radioactivity picked up by flowing 
streams, radioactivity from sewage discharge 
into the streams, and some contribution by 
industrial waste. The final contributing factor 
to radioactivity content is fallout, particularly 
over large expanses of open water, such as 
reservoirs and lakes, 


Analytical procedures 


Radioactivity analyses are performed by the 


Kansas Radiological Health Laboratory. Meas- 
urements of gross alpha and gross alpha-plus- 
beta radioactivity in total solids are made with 
a windowless gas-flow proportional counter. 
Each sample is evaporated in an aluminum 
planchet, dried at 250° C. and then counted. 
Specific radionuclide analyses are determined 
by gamma spectroscopy or chemical separation. 


Discussion 


Table 1 shows the gross alpha and gross 
alpha-plus-beta radioactivity in the total solids 
in Kansas surface waters from January 
through December 1970. These waters are used 
for domestic, industrial, and recreational pur- 
poses. Recently there has been much discussion 
as to establishing a nuclear waste repository 
in Kansas. If the decision is made to establish 
such a repository, the entire environmental 
surveillance program including surface water 
will be increased around the proposed site. 
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Figure 1. 


Kansas surface water sampling stations 
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Table 1. 


Gross radioactivity in Kansas surface waters, January-June 1970 





Sampling station 





Arkansas: 
Beaver Creek: 
Big Blue: 


Cimarron: 
Fall: 


Kansas: 

Marais des Cygnes: 
Missouri: 

Neosho: 


Ninnescah: 


Republican: 


Saline: 
Smoky Hill: 
Solomon: 
Spring: 
Verdigris: 


Walnut: 











Arkansas City 


Dodge City 


Syracuse_ 


Cedar Bluffs_- 
Manhattan 


Oketo_ _ - 


Forgan, Okla _ 
Eureka... .... 
Fredonia________ 
Lecompton_. 
Ottawa __- 
Rulo, Nebr 
Burlington _ 
Council Grove__ 
Parsons___ 
Cheney _- 

Cc oncordia ___ 


St. Francis- 
Tescott___ 
Wilson___- 
Cedar Bluff ___ 
Ellsworth _ 
Langley-_-_- 
Glenn Elder- 


Baxter Springs______- 


Coyville_ 
Independence 
Winfield 


Radioactivity conce 
(pCi/liter) 


ntration 





January 











February 


Alpha | Beta 











March 


Alpha 


Aly 








April | 


aha | Beta } Alpha 
| 


| 
| 
| 
| 


Beta | Alpha | 


June 


Beta 





* When the counting rate of the sample is not equal to at least twice the 95-percent error, the value reported is not statistically significant but is 


available estimate. 


D, nondetectable. 


NS, no sample. 


Tabel 1. 


Gross radioactivity in Kansas surface waters, July-December 1970 


the best 





Sampling station 


Radioactivity concentration 
(pCi/liter) 





July 


August 


September 


October November 





Alpha 


Alpha | Beta 


Alpha 





Arkansas: 
Beaver Creek: 
Big Blue: 


Cimarron: 
Fall: 


Kansas: 
Marais des Cygnes: 
Missouri: 

eosho: 


Ninnescah: 


Republican: 


Saline: 
Smoky Hill: 
Solomon: 
Spring: 
Verdigris: 


Walnut: 





Arkansas City _- 
Dodge City 
Syracuse_ 

Cedar Bluffs____ 
Manhattan__-___-_- 
Oketo___ 

eee Okla __- 


oe gg 
Lecompton-__ 
Ottawa ___ - 
Rulo, Nebr-_-_-___--- 
Burlington_ 
Council Grove 


Concordia 
Milford__ 
St. Francis 


Cedar Bluff _ 
Ellsworth_ 
Langley-__-_-_ 
Glenn Elder 
Baxter Springs____ 
Coyville___ 
Independence__-__- 
Winfield 


“14 

















= 


-* 
| 


Beta “i Al 
| 


| 
| 
| 
| 
| 








1 
J 


| Beta | Alpha | 


Ss 


12 


Beta 


December 


| Alpha 





* When the counting rate of the sample is not equal to at least twice the 95-percent error, the value reported is not statistically 


available estimate. 


ND, nondetectable. 


NS, no sample. 


December 1971 


significant 


but is the best 





SECTION Ill. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental fis- 
sion product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross 
beta radioanalysis. Although such data are in- 
sufficient to assess total human radiation ex- 
posure from fallout, they can be used to deter- 
mine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 


Network 


Fallout in the United States 
and Other Areas, HASL 


Plutonium in Airborne 
Particulates 

Surface Air Sampling Program 
80th Meridian Network, HASL 

Mexican Air Monitoring Program 


January—March 1971 


January—December 1968 
August—December 1970 and 
January 1971 


periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, the Mexican Commission 
of Nuclear Energy, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were pre- 
viously covered in Radiological Health Data 
and Reports: 


Period 


July-December 1968 and 
January—December 1969 


January 1971 
November 1971 
April 1971 


October 1971 
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1. Radiation Alert Network 
August 1971 


Division of Atmospheric Surveillance 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 70 locations distributed throughout 
the country (figure 1). Most of these stations 
are operated by State Health Department per- 
sonnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also 


perform field estimates on dried precipitation 
samples and report all results to appropriate 
Environmental Protection Agency officials by 
mail or telephone depending on levels found. 
A compilation of the daily field estimates is 
available upon request from the Air Quality 
Information Systems Branch, Division of At- 
mospheric Surveillance, EPA, Research Tri- 
angle Park, North Carolina 27711. A detailed 
description of the sampling and analytical pro- 
cedures was presented in the March 1968 issue 
of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique, during August 
1971. 

All field estimates reported were within nor- 
mal limits for the reporting station. 
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Table 1. Gross beta radioactivity in surface air and precipitation, August 1971 





Precipitation 
Gross beta radioactivity 


(5-hour field estimate) 
Number (pCi/m!) Number Total Field estimation of deposition 
Station location of = a of depth 
samples samples (mm) 
Maximum | Minimum | Average* Number Depth Total 
of (mm) deposition 
samples (mCi/m?) 




















Ala: Montgomery-.---- 

Alaska: Anchorage-_-_-- --- 
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— eal 


4 28 


16 
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Washington 
Jacksonville 
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Network summary-- ee . 16 0 148 





























® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
b This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation 
Monitoring Program,’ 
August 1971 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection stations 
are located at airports (figure 3), where the 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- 
sis, and interpretation of results of the radio- 
active fallout program are contained in reports 
of the Department of National Health and Wel- 
fare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 


1 Prepared from information and data obtained from 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. 


Surface air and precipitation data for August 
1971 are presented in table 2. 
Table 2. 


Canadian gross beta radioactivity in surface 
air and precipitation, August 1971 





Air surveillance, gross 
beta radioactivity 
(pCi/m?) 


Precipitation 
measurements 


Number 
of 
samples 





EE 


Station Average| Total 
Max- | Min- | Average} concen- | deposi- 
imum | imum tration 
(pCi/ 
liter) 


Calgary--- 
Coral Harbour__ 
Edmonton 
Ft. Churchill. _ - 


wero 
NmoAooaw&w 
eroar | 


Fredericton___-_ _- 
Goose Bay-_. _- 
Halifax _ - 
Inuvik-____- 


Crono 
mt w 
wm On 00 cr 
oro 


Montreal_-_-_-__-_ 
Moosonee 

Ottawa_ -- — 
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Wow to 


0 eee 
Resolute. _____- 
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wm Or O 
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Toronto--__- 
Vancouver- -_ 
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Winnipeg - - - 
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NA, no analysis 
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Figure 2. 
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Canadian air and precipitation monitoring program 





3. Pan American Air Sampling Program 
August 1971 


Pan American Health Organization and 
Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were des- 
cribed in the March 1968 issue of Radiological 
Health Data and Reports. The August 1971 air 
monitoring results from the participating coun- 
tries are given in table 3. 
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Figure 3. Pan American Air Sampling Program 


stations 


638 


Table 3. Summary of gross beta radioactivity in 
Pan American surface air, August 1971 





| Gross beta radioactivity 
ee (pCi/m!) 
oO 


| 
og . . | 
Station location | 
| samples | 
| 
| 





Maxi- | Mini- | Aver- 
mum 

| 

| 

| 

} 





Argentina: Buenos Aires... | 
Bolivia: La Paz | 
Chile: Santiago , ‘ 
Colombia: E.wcccccen 4g d 
Ecuador: Cuencea......-.--. | } 
Guayaquil. 
Quito 
Guyana: Georgetown 
Jamaica: Kingston 
Peru: EGA ; 
Venezuela: | 
West Indies: | 





Pan American summary..--____| 151 3.02 0.01 





*® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m! are reported 
and used in averaging as 0.00 pCi/m‘. 
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Fallout in the United States and Other Areas,’ January—December 1970 


Health and Safety Laboratory 
Atomic Energy Commission 


Monthly fallout deposition rates for stron- 
tium-90 are determined by the Health and 
Safety Laboratory (HASL) for 35 sites in the 
United States and 90 locations in other coun- 
tries. HASL data from all the active United 
States stations and other selected points in the 
Western Hemisphere (figure 1) covering the 
period from January—December 1970 are sum- 
marized in tables 1 through 4. All the stations 
of the 80th Meridian Network are represented. 


Methods of collection 


Two methods of fallout collection are em- 
ployed by HASL. In the first, precipitation and 


1The data in this article were taken from “Fallout 
Program Quarterly Summary Report,” HASL-243:A-1 
to A-289 (July 1, 1971). 


Table 1. 


dry fallout are collected for a period of 1 month 
in a stainless steel pot with an exposed area of 
0.076 m*. At the end of the collection period, 
the contents are transferred, by careful scrub- 
bing with a rubber spatula, to a polyethylene 
sample bottle which is then shipped to the 
laboratory for analysis. 

The second method involves the use of a 
polyethylene funnel, with an exposed area of 
0.072 m*, attached to an ion exchange column. 
After a 1-month collection, the inside of the 
funnel is wiped with a tissue, and the tissue is 
inserted in the end of the column, which is then 
sealed and sent to HASL for analysis. It has 
been shown that at the 95-percent confidence 
level there was no significant difference in the 
strontium-90 measurements obtained from 
samples collected by the two methods (1). 


Strontium-90 fallout in the United States, HASL, January-June 1970 





Type of 


Sampling location collection 


Deposition 
(nCi/m?) 








Ala: Birmingham r pot 
Alaska: Anchorage column 


column 
Cold Bay column 
Fairbanks 


column 
Juneau column 


column 
Calif: W. Los Angeles_________ pot 
San Francisco column 
column 
pot 
column 
Hawaii: pot 
eae column 
Mauna Loa column 
pot 
column 
column 
column 
column 


Colo: 
Fla: 


International Falls_._..._..._____- : 
SS | ee 


pot 
column 


pot 

column 
column 
pot 

column 
column 
Houston--_-__ _- column 
Salt Lake City_ pot 

column 
column 
column 


























® Zero or trace. 
> Data not available. _ 
¢ Proportioned from originally consolidated data. 
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Figure 1. HASL fallout sampling stations in the Western Hemisphere 
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Table 2. Strontium-90 fallout in the United States, HASL, July-December 1970 





Deposition 
Type of (nCi/m?) 
Sampling location collection 5 














Birmingham. __-- eS pot 
Anchorage--__-__- — os column 
a column 
CFE MT ce cnnace ;. column 
Fairbanks _ _____ ‘ oe column 
Juneau inane column 
Pe Se Ee column 
Calif: pnaean pot 
- column 
Colo: r aot column 
Fla: pot 
eee ach ‘ column 
Hawaii: Selleticaase pot 
column 
una és column 
Argonne__-__- waite i pot 
New Orleans-_- Or OC J column 
International Falls_____- ne column 
Columbia | ES ae column 
Helena___--_- ve shine column 
New York City maak baa pot 
Williston _ _ _- : ; column 
Wooster____- pot 
pot 
ood column 
Columbia___. naan ted i column 
Vermillion ; : aa pot 
column 
; aa column 
Reais rethes column 
Salt Lake City_ oe ‘ pot 
Sterling __ puillesions ; column 
Forks_ Sandie ee column 
Green Bay---___--_- itech column 


























® Zero or trace. 
b Data not available. 
¢ Proportioned from originally consolidated data. 


Table 3. Strontium-90 fallout in North and South America, HASL, January-June 1970 





Deposition 
Type of (nCi/m?) 
Sampling location collection 





Argentina: Buenos Aires__--_ column 
Formosa. - _ ile aad column 
Malargue-__-___- on column 
Bahamas: ae : — column 
Bermuda: Kindley AFB_- 4 column 
Bolivia: Chacaltaya Getvstee ‘ i column 
La Paz (city)-_-- . fe column 
La Paz (Ovejuyo)__________- column 
Brazil: Sep EST t column 
bb column 
Trindade Island___-_- : column 
Canada: Moosonee- -_ ______ PEN TAS! column 
Chile: Antofagasta wae adic ivan siete column 
Conception end column 
Easter Island iacnd column 
uahicébumiied column 
Punta Arenas_-__-_-_-_- column 

Santiago pot 
Santiago acai column 

Colombia: Bogota : pot 
Costa Rica: Turrieiee............ “ ped column 
equador:. _ _---- wa column 
Sabin : woh column 
Greenland: . x i tiedeona column 
Iceland: east lula Rae column 
Mexico: Mexico City_ ___-__- SITS column 
Peru: Lima. - -- Rains saa taanardal column 
Puerto Rico: San Juan_ PN eee ; column 
Venezuela: Caracas (site 1) ie column 
Caracas (site 2)_____- is column 


























® Zero or trace. 
> Data not available. 
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Table 4. Strontium-90 fallout in North and South America, HASL, July-December 1970 





Deposition 
Type of (nCi/m?) 


Sampling location collection 








Argentina: Buenos Aires____ — column 
Formosa - - - - : 2 Oars column 
Malargue-.-- ‘ pale ang column 
Bahamas: Bimini- _— ae column 
Bermuda: Kindley AFB________- ane SES. column 
Bolivia: Chacaltaya_ __- cu wh column 
aa ae column 
La Paz (Ovejuyo)_.--.----- ; column 
Brazil: SEE column 
Rio de Janeiro___._.._--- column 
Trindade Island_- -- abe ‘ column 
Canada: Moosonee- - - -- - - subblbewacks column 
Chile: Antofagasta ibcthatilest column 
Conception. ____- iatoake J column 
Easter Island _- Nebmeenn : column 
Puerto Montt_-__------ E column 
Punta Arenas RS RDI S AEE column 
Santiago-_-_-_- Keaciicma ids a pot 
Santiago. __. aces eta dion e column 
Colombia: Bogota_-_- anaemia ard ‘i pot 
Costa Rica: Turrialba___ . . column 
Equador: . see column 
Lee column 
Greenland: z aa ata eeedcoud RS column 
Iceland: Keflavik_-_-_- : : wih column 
Mexico: Mexico City- : ; ; column 
Peru: NN ied aia ise ane column 
Puerto Rico: San Juan__--- P ay column 
Venezuela: Caracas (site 1)__--_---- ; column 
Caracas (site 2)__ E ‘ column 


























a Zero or trace. 
> Data not available. 
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SECTION IV. 


This section presents results from routine 
sampling of biological materials materials and 
other media not reported in the previous sec- 
tions. Included here are such data as those ob- 


OTHER DATA 


tained from human bone sampling, Alaskan 
surveillance, and environmental monitoring 
around nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radio- 
activity in the vicinity of major Commission 
installations. The reports include data from 
routine monitoring programs where operations 
are of such a nature that plant environmental 
surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” 

Summary of the environmental radioactivity 
data follow for the Hanford Atomic Products 
Operation. 


1 Title 10, Code to Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Hanford Atomic Products Operation’ 
January—December 1969 


Battelle Memorial Institute 
Richland, Wash. 


A variety of radioactive wastes are generated 
by the Hanford production reactors, chemical 
separations plants, and laboratories. High level 
wastes are concentrated and retained in stor- 
age within the project boundaries. Controlled 
releases of low-level wastes, for which concen- 
tration and storage are not feasible, are made 
to the ground, to the atmosphere, and to the 
Columbia River. The Atomic Energy Commis- 
sion (AEC) regulations governing radioactive 
waste disposal at Hanford are described in the 
AEC Manual Chapter RL 0510 (1). During 
1969, the plant facilities were operated for the 
Atomic Energy Commission by Atlantic Rich- 
field Hanford Company; Pacific Northwest 
Laboratories of Battelle Memorial Institute; 


2 Summarized from Pacific Northwest Laboratory, 
“Evaluation of Radiological Conditions in the Vicinity 
of Hanford for 1969,”” BNWL—1505 (November 1970). 
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Douglas-United Nuclear, Incorporated; and 
ITT Federal Support Services, Incorporated. 

The Hanford site is in a semiarid region of 
southeastern Washington State (figure 1) 
where the average rainfall is about 16 cm (6 
inches). This section of the State has a sparse 
covering of natural vegetation primarily suited 
for grazing, although large areas near the 
site have gradually been put under irrigation 
during the past few years. The plant site covers 
an area of about 1,300 km* (500 square miles). 
The Columbia River flows through the northern 
edge of the project and forms part of the 
eastern boundary. Prevailing winds near the 
plant production sites are from the northwest, 
with strong drainage and cross winds causing 
distorted flow patterns. The meteorology of 
the region is typical of desert areas with fre- 
quent strong inversions occurring at night 
and breaki..g during the day to provide un- 
stable and turbulent conditions. 

The populated area of primary interest is 
the tri-cities area (Richland, Pasco, and Kenne- 
wick) situated on the Columbia River directly 
downstream from the plant. Smaller commu- 
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Figure 1. 


nities in the vicinity are Benton City, West 
Richland, Mesa, and Othello. The population of 
the communities near the plant, together with 
the surrounding agricultural area, is about 
100,000. 


Sources and levels of environmental 
radioactivity 


Low-level wastes from Hanford operations, 
fallout from nuclear weapons testing, naturally- 
occurring radioelements, and cosmie rays con- 
tribute to radioactivity in the Hanford en- 
virons. Hanford operations that could contrib- 
ute to radioactivity outside the plant bound- 
ary are: (1) the disposal of reactor cooling 
water to the Columbia River, (2) stack releases 
at the chemical separations area and laboratory 
areas, and (3) disposal of radioactive wastes to 
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ground. 

The most significant Hanford contributions 
to off-plant radioactivity and population doses 
usually originate with reactor cooling water 
released to the Columbia River. Although air- 
borne releases of iodine-131 have contributed 
in past years to the thyroid doses of the local 
population, the major portion of the thyroid 
doses in recent years has resulted from radio- 
iodines in drinking water. 

Noteworthy events during 1969 included the 
retirement in April of C reactor, the sixth 
Hanford production reactor to be retired since 
1964. Three plutonium production reactors (in- 
cluding the dual-purpose N reactor) remained 
in operation. Increased atmospheric total beta 
concentrations observed during June-August 
were attributed to an announced foreign wea- 
pons test in December 1968 (2). 
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Radioactivity in the Columbia River 


Nuclides present in reactor effluent 


Cooling of the Hanford production reactors 
(with the exception of N reactor) is accom- 
plished by a single pass of treated Columbia 
River water. The N reactor uses recirculating 
demineralized water as a primary coolant, and 
all wastewater containing significant amounts 
of radioactive material is discharged to a 
ground disposal site near the river. Although 
some of these radionuclides eventually enter 
the river, the total quantity of radioactivity 
entering the Columbia River from N reactor 
is a negligibly small fraction of that released 
from the older reactors. 

At the older reactors, some elements present 
in the cooling water are activated during the 
single pass through the reactors. In addition, 
radioactive materials formed on the surfaces 
of fuel elements and process tubes are event- 
ually carried away by the cooling water to the 
river. Table 1 shows the relative abundance of 
the radionuclides found in the cooling water of 
the older production reactors, adjusted to 4 
hours after leaving the reactor. 

Many of the radionuclides formed in reactor 
cooling water are short-lived and disappear 
quickly by radioactive decay. In addition, sedi- 
mentation and uptake by aquatic organisms 
remove some fraction of most radionuclides 


Table 1. Relative abundance of reactor effluent 


radionuclides * 





Percent of abundance 





Major 
(90 percent) 


Minor Trace 
(9 percent) (1 percent) 





Na 2p ayb UIC eb 
aSi Se ; #Yb 1M4Ceb 
51Cr 69mZ7n %Nb 142Prb 
56Mn 72Ga ”%Mo 143Prb 
4Cu 76As 10Ru M47Nqdb 
"Se 106Ru 47Pmb 
12Sb INSb 149Pmb 
1a] I 1a] 151 Ppp 
M0Lab 133] 182 yb 
18am yb | 135] 156Eyb 
1535mb> 136Cs 153Gdb 
165]. )yb B7Cs 159G db 
29Np 40Ba 160 hb 
M1Ceb 161T b> 
166F{ ob 
169ferb 
11rd 

















* Trace nuclide composition based on analyses performed in 1964 and 
1968. 

b These radionuclides as a group are denoted hereafter as RE + Y (rare 
earths + yttrium). 
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from the river water. Relatively small amounts 
of fission products are present in the river be- 
cause of the fissioning of natural uranium pres- 
ent in the river water, occasional element clad- 
ding failures, and fallout from nuclear weapons 
testing. 

Some radionuclides also enter the river from 
wastes disposed to ground, but their contribu- 
tion to the total radioactivity was not detect- 
able. 


River flow rates 


The seasonal fluctuations in flow rate of the 
Columbia River affect radionuclide concentra- 
tions by varying the quantity of water avail- 
able for dilution of reactor effluent released to 
the river. In addition, the seasonal scouring 
of sediments deposited in reservoirs behind 
each dam causes seasonal fluctuations in trans- 
port rates of those longer-lived nuclides asso- 
ciated with the sediments. This is notably true 
for scandium-46 and zinc-65. Also affected by 
the flow rate is the time required for a specific 
volume of water to move from one location to 
another, which in turn affects the amount of 
the shorter-lived radionuclides present at any 
specific location. 

The weekly average flow rates of the Colum- 
bia River at Priest Rapids and Bonneville 
Dams are determined from daily average flow 
rates published by the U.S. Geological Survey 
(3). For 1969, the average flow rate at Priest 
Rapids was 3,830 m*/s (135,000 ft*/s) which 
was slightly above the 1948-1962 annual aver- 
age of 3,770 m*/s (133,000 ft*/s). 


River concentrations 


During 1969, samples of river water were 
collected at Priest Rapids Dam (upstream from 
the production reactors) and below the reactors 
at the Richland water plant intake, McNary 
Dam, and Bonneville Dam. Where possible, 
cumulative sampling equipment was used to 
provide a more representative sample than 
periodic “grab” samples. This cumulative sam- 
pling technique, however, prevents calculation 
of the concentrations of radionuclides with 
very short half-lives; these were measured in 
monthly “grab” samples (4). 





Table 2. 


Annual average concentrations of several radionuclides in Columbia River, 1966-1969 





Concentration 


(pCi/liter) 





Radionuclide 1966 


1967 19688 1969 








Richland | Bonneville 





Richland 


Bonneville | Richland | Bonneville | Richland | Bonneville 


Dam 





Rare earths + yttrium 
Hydrogen-3 

Sodium-24 
Phosphorus- 
Seandium-46__- 
Chromium-51_ 
Manganese-56 _ _ - - 
Copper-64- 

Zine-65-_ - -- -- 
Arsenic-76_ 
Strontium-90_ _ - 
Zirconium-niobium-95- _- 
Technetium-99_ 
Ruthenium-106_ _ - 
Antimony-122__e - 
Todine-131______.-- 
Neptunium-239_ _ _ 
Total alpha___ 
































* During 1968, results for *H, #P, “Se, Cr, Zn, %Zr-Nb, Sr, and ''I were based on cumulative samples. 


> Indicates insufficient data to provide a meaningful annual average. 


© Based on grab samples (January-June 1968) and on cumulative samples (July-December 1968). 


Sampling traverses across the Columbia 
River at Richland have indicated a slightly 
nonuniform distribution of the longer-lived 
radionuclides at this cross section. Entries of 
the Yakima River just below Richland and 
of the Snake River just below Pasco influence 
the distribution of radionuclides in the Colum- 
bia below these two points. The magnitude of 
the influence varies with seasonal changes in 
the flow rates of the tributaries. 

Table 2 shows the annual average radio- 
nuclide concentrations in river water at Rich- 
land and at Bonneville Dam for 1966-1969. The 
data for 1966 include the effects of reactor 
outages during the July-August strike. Com- 
parison of 1969 with 1968 concentrations 
indicates a general reduction for most radio- 
nuclides. The concentrations of several radio- 
nuclides, however, increased during 1969; 
copper-64 concentrations increased slightly, 
while the rare earths plus yttrium group and 
maganese-56 showed significant increases. As 
in past years, total alpha concentrations meas- 
ured in river water at Richland were near the 
analytical limit of 1 pCi/liter and were not 
significantly different from those measured in 
samples collected upstream from the Hanford 
plant. 

Concentrations of tritium in river water are 
measured upstream from Hanford at Priest 
Rapids Dam (where fallout would be the only 
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source of tritium) and downstream from Han- 
ford at Richland. The average concentration of 
tritium at both Priest Rapids Dam and Rich- 
land in 1969 was 1.9 nCi/liter, which was 
slightly higher than the concentrations meas- 
ured at these locations during 1968 (1.6 and 
1.7 nCi/liter, respectively). 

Bonneville Dam, approximately 390 km (240 
miles) below the Hanford reactors, is the farth- 
est downstream location where river water is 
routinely sampled as part of the Hanford en- 
vironmental surveillance program. Measure- 
ments at this location provide a maximum level 
for the annual transport of specific nuclides 
into the Pacific Ocean (table 3). 


Table 3. Annual average transport rates of selected 
radionuclides past Bonneville Dam, 1965-1969 





Transport rate 
(Ci/day) 
Radionuclides 





1965 1966 1968 1969 





Phosphorus-32_ -_ __ ___-- 9 
Scandium-46-- - ------ 3 / NA 
Chromium-51 430 
Zinc-65 g 21 














NA, indicates no routine analysis was made. 
Transport rates 


Figures 2 and 3 show the river transport 
rates of several radionuclides past Richland. 
The transport rates at Richland in 1969 for 
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Figure 2. Phosphorus—32, chromium—51, and iodine—131 transport rates 
in the Columbia River at Richland, 1965—1969 


the five radionuclides shown were all lower 
than the 1968 values, except for phosphorus-32 
and zinc-65 which were comparable with the 
1968 values. Table 3 shows the annual average 
transport rates of selected radionuclides past 
Bonneville Dam. 


Trend indicator—whitefish 


The Columbia River is popular for sport 
fishing both above and below the Hanford 
reservation. Fish feeding downstream from the 
reactors acquire some reactor-effluent radio- 
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nuclides, mostly through food chains, with phos- 
phorus-32 being the most significant in regard 
to population doses. Changes in river concen- 
trations and temperatures may induce changes 
in concentrations in biological media. However, 
the ultimate uptake of radionuclides depends 
on complex environmental interrelationships. 
Whitefish are the sport fish that usually con- 
tain the greatest concentration of radioactive 
materials. Furthermore, they can be caught 
during winter .months when other sport fish 
are difficult to sample. Therefore, phosphorus- 
32 data accumulated from whitefish sampling 
near the plant boundary are useful as a trend 
indicator of concentrations in biological media 
even though whitefish are not the most signi- 
ficant source of radionuclides for the local 
population. 

Concentrations of phosphorus-32 in whitefish 
during 1969 tended to follow the same seasonal 
trends observed in past years. But the average 
phosphorus-32 concentration in fish in 1969 was 
much lower than expected based upon phos- 
phorus-32 concentrations in the river and river 
temperatures. The average concentration of 
phosphorus-32 in whitefish sampled down- 


stream from the reactors during 1969 was 34 
pCi/g wet weight as compared with 140 pCi 
phosphorus-32/g wet weight during 1968 (5). 


Radioactivity in ground water 


Radioactivity in the ground water beneath 
the Hanford project results primarily from 
ground disposal of wastes in the chemical 
separations areas. These wastes are routed to 
various facilities, dependent upon their radio- 
nuclide burden and chemical content. High- 
level wastes' are stored in underground con- 
crete tanks lined with steel. Intermediate-level 
wastes’ are sent to underground “cribs” (cov- 
ered liquid waste disposal sites) from which 
they percolate into the soil. The areas selected 
for intermediate-level waste disposal and high- 
level waste storage have soil with good ion ex- 
change capacity and ground water depths of 
50 to 100 m. Low-level wastes® are usually sent 
to depressions in the ground where surface 


4 High-level: >100 uCi/ml. 
5 Intermediate-level: 50 pCi/ml to 100 »Ci/ml. 
6 Low-level: <50 pCi/ml. 
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ponds or “swamps” have been formed as the 
result of the continuous addition of relatively 
large volumes of water. 

One important objective in the management 
of wastes placed in the ground is the preven- 
tion of radiologically important radionuclides 
from reaching the ground water in quantities 
that could ultimately cause significant human 
radiation exposure should they migrate to the 
Columbia River. An extensive ground water 
surveillance program is maintained at Hanford 
to aid in achieving this objective. Hundreds of 
wells have been drilled at various locations 
around the Hanford project, including sites 
within and near crib and tank storage areas, 
to monitor the movement of radionuclides in 
the ground water. 

The radioactivity in ground water from the 
chemical separations areas outside the imme- 
diate vicinity of the disposal sites is primarily 
tritium and ruthenium-rhodium-106; cobalt-60 
and technetium-99 have also been found but at 
much lower concentrations. The more radio- 
toxic nuclides, such as strontium-90, have not 
been detected in ground water except in the 
immediate vicinity of a few specific disposal 
sites. 

Figures 4 and 5 show the probable extent of 
detectable tritium and ruthenium-rhodium-106 
in ground water beneath the Hanford project 
as of December 31, 1969 (6). The outer bound- 
aries of the contamination contours, e.g., 0.03 
percent of the AEC standard for tritium and 2 
percent of the AEC standard for ruthenium- 
rhodium-106, represent the detection levels rou- 
tinely achievable for these radionuclides (1). 

It is possible that some radionuclides from 
the chemical processing areas are presently 
entering the Columbia River. However, the 
concentrations of these nuclides are too small 
to be routinely measurable in the ground water 
near the river or in the river itself, and any 
radiation dose from them is negligible. 


Radioactivity in the atmosphere 


At Hanford, gaseous wastes from the chemi- 
cal separations facilities are released to the 
atmosphere through tall stacks after most of 
the radioactive material has been removed. 
Laboratory stacks, reactor-building stacks, and 
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Figure 4. Tritium concentrations in ground water, Hanford, 1969 
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Figure 5. 


stacks from waste storage facilities release 
relatively minor amounts of radioactive mate- 
rials under normal operating conditions. 
Measurements of airborne iodine-131, the 
radionuclide of primary interest, were made 
(as of the end of 1969) at 25 locations within 
and near the Hanford reservation. The results 
of iodine-131 measurements for four selected 
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Ruthenium—106 concentrations in ground water, Hanford, 
1969 


locations for the past few years, which include 
contributions from offsite weapons tests, are 
summarized in table 4. The locations listed 
in table 4 lie within a 90° sector southeast of 
the separations areas. The iodine-131 concen- 
trations for 1969 averaged 0.01 pCi/m? at Rich- 
land and Pasco. The annual thyroid dose from 
inhalation of iodine-131 at 0.01 pCi/m® for the 
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Table 4. Annual average iodine-131 concentrations 


in the atmosphere, 1965-1969 





Iodine-131 * 
Distance from (pCi/m?) 


Location separation stacks |_ 





| 
| 1965 1966 1967 | 1968 | 1969 


Ringold >____ : (b) 
Benton City_- 32 0.03 
Richland_---- 32 .02 <.02 
Pasco 5 .03 | <.02 


* AEC standard—100 pCi/m! for an individual infant in an uncontrolled 
area, assuming a 2-gram thyroid and a daily intake of 3,000 liters of air. 
> Air sampling at Ringold began in January 1967. 











2-gram thyroid would be less than 1 mrem,’ 
based on appropriate metabolic parameters (8) 
and assuming that the fractional uptake from 
inhalation is invariant with age. 

Continuous sampling for radioactivity asso- 
ciated with airborne particulates was main- 
tained as of the end of 1969 at 34 locations, 
including those within the Hanford reservation 
and around the plant perimeter at distances up 
to 120 km (75 miles). The gross beta activity 
of each sample filter after exposure was rou- 
tinely measured (based on strontium-yttrium- 
90) with detailed radioanalyses performed on 
filters showing unusual beta activity. 

The higher atmospheric concentrations of 
radioactive particulate material during June— 
August 1969 compared to the early part of the 
year were attributed primarily to fallout fol- 
lowing a foreign nuclear weapons test in late 
December 1968. The principal gamma emitters 
found on filters during June-August were zir- 
conium-niobium-95, cerium-praseodymium-144, 
and ruthenium-rhodium-106. The concentra- 
tions were comparable to those observed during 
similar events of recent years. 


Fallout from nuclear weapons tests 


Airborne fallout was detected during most 
of the spring and summer of 1969. Increases 
were attributed to the announced foreign 
nuclear weapons test on December 27, 1969 (9). 
Total beta concentrations in the atmosphere 
began increasing in March and reached a peak 
of about 1 pCi/m* in June and again in late 


7 A sustained concentration of iodine-131 at this level 
in breathing air would imply an annual radiation dose 
to the thyroid of the standard man (7) that would also 
be less than 1 mrem, 
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July-early August. lodine-131 concentrations in 
the atmosphere remained at ar below the analy- 
tical limit (0.02 pCi/m*). Slightly increased 
concentrations of iodine-131 in milk during 
March (maximum -8 pCi/liter) were not at- 
tributed to this test because of the long time 
lag. 

No significant contribution to atmospheric 
radiation levels was detected following the an- 
nounced foreign nuclear weapons tests of Sep- 
tember 22 and 29, 1969 (9). 


Exposure pathways 
Radionuclides in drinking water 


The city of Richland is the first community 
downstream (about 75 km) from the Hanford 
reactors that uses the Columbia River as a 
source of drinking water. Pasco and Kenne- 
wick, a few kilometers farther downstream, 
also use the Columbia River as a source of 
drinking water. The Richland and Pasco water 
plants use a modern flocculation-filtration treat- 
ment method; Kennewick water is pumped 
from Ranney well collectors (infiltration pipes) 
laid in the riverbank. During 1969, cumulative 
drinking water samples were collected at the 
Richland and Pasco water plants, and periodic 
samples, at all three communities. The Rich- 
land and Pasco samples were analyzed for se- 
lected individual radionuclides. Detailed anal- 
yses of drinking water from these two cities 
are summarized in table 5. In June, routine 
sampling at Kennewick was discontinued be- 
cause of low gross beta radioactivity. Previous 
experience had shown that concentrations of 
radionuclides in Kennewick water were signi- 
ficantly lower than at Pasco or Richland. 

The concentrations of short-lived radio- 
nuclides in the water at the time it is consumed 
are less than shown in table 5 because there 
can be a significant transport time between 
the water plant and most consumers. The 
transport time may vary from hours to days 
depending upon the location of the customers 
on the distribution system and the water de- 
mand. In Richland, many residents receive no 
radioactivity of Hanford origin in drinking 
water during the times of the year when well 
water is used to supplement the system supply. 
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Table 5. Average concentrations * of several 
radionuclides in drinking water, 1969 


Table 6. Calculated annual doses* to selected organs 
from routine ingestion of drinking water, 1969 





Radioactivity concentration 
: , (pCi/liter) 
Radionuclide 





Richland Pasco 





Rare earths + yttrium_-_-____ 
SS SOLE 
Phosphorus- 

Scandium-46 > 

Chromium-51 

Copper-64 > 

Zine-65 © 

Arsenic-76-_ _ - 

Antimony-12: 











Total beta (counts/min/ml) 





® Measured at the water plants. 

b January-June average. 

© Results based on cumulative samples. 

4 Estimate based on an average ratio of !I/!3'I of 6:1 measured in grab 
samples. 

¢ Estimate based on an average ratio of '1/!1] of 4:1 measured in grab 
samples. 


Table 6 presents calculated doses to the adult 
bone, whole body, and GI tract from sustained 
consumption at an intake rate of 1.86 liters 
per day,* and to the infant 2-gram thyroid 
from consumption of 0.4 liters per day of drink- 
ing water in Richland and Pasco. Annual aver- 
age concentrations of radionuclides measured 
at the water plants were used to calculate these 
doses. The correlation between the GlI-tract 
dose rate at the water plant (established by 
direct measurement of individual radionuclide 
concentrations) and the gross beta activity was 
determined monthly. The correlation used in 
conjunction with thrice-weekly measurements 
of gross beta radioactivity at the water plant 
provided the basis for estimation of the GI- 
tract dose. 

The dose estimates for Pasco residents reflect 
a downward trend from previous years. The 
thyroid dose for 1969 from Pasco drinking 
water (18 mrem) was significantly less than 
that for 1968 (832 mrem) because of decreased 
radioiodine concentrations. The average ratio 
of iodine-133 to iodine-131 of 4:1 for Pasco 
was based on 1968 measurements on grab 
samples because the extremely low concentra- 
tions of both radionuclides observed in grab 


8In previous years, an intake rate of 1.2 liters/day 
based on standard man was assumed. The revised in- 
take rate (1.86 liters/day) is used for estimating doses 
received by the average Richland adult resident, based 
on local dietary surveys. 
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| Whole 
Location body 
mrem ) 


Thyroid (infant 
(0.4 liters/day) 
mrem) mrem 


| GI tract Bone 
mrem) 


as 
Richland>______| ‘ 17 5 
Pasco } .7 14 3 





¢ In previous years an intake rate of 1.2 liters/day based on standard 
man was assumed. The revised intake rate (1.86 liters/day) is used for 
estimating doses received by the “average’’ Richland (adult) resident, 
based on local dietary surveys 

» Doses for this station were not adjusted for radioactive decay or dilu- 
tion in the water distribution system 


samples during 1969 prevented direct measure- 
ment of the ratio. 

The estimated GlI-tract dose to Richland resi- 
dents from the measured radionuclides in 
drinking water was somewhat lower in 1969 
(17 mrem) than in 1968 (28 mrem). This re- 
sulted from the generally decreased concentra- 
tions of most measured radionuclides, as well 
as from the use of well water for over 99 per- 
cent of the city water supply in January, when 
the water filter plant was temporarily shut 
down. Well water contributed between 4 per- 
cent and 61 percent of the total supply in other 
months. However, radionuclide concentrations 
measured at the water plant (not adjusted for 
radioactive decay or dilution in the water dis- 
tribution system) were used for the dose esti- 
mates shown in table 6. The infant thyroid dose 
during 1969 was about one-half that during 
1968 (5) because of the decreased concentra- 
tions of radioiodines. 


Radionuclides in Columbia River fish 


The quantities and kinds of fish caught by 
local fishermen have been previously estimated 
from surveys carried out from 1961 to 1965 
in cooperation with the Washington State Game 
Department. The maximum estimate of con- 
sumption by the fishermen interviewed was 
200 meals per year of panfish species (crappie, 
perch, and bass) taken from the Columbia 
River. Additional dietary data collected during 
1966 and 1967 from household questionnaires 
and interview surveys also showed individual 
consumption estimates as high as 200 meals of 
fish per year.’ The primary fishing locations 


9 Fisherman survey by J. K. Soldat, Battelle-North- 
west, Richland, Wash. (report in preparation). 
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for the catch of these fish were Burbank, 
Hover-Finley, and Island View. The average 
percentage of the maximum annual consump- 
tion by species was 73 percent crappie, 16 
percent bass, and 11 percent perch. Based on 
data collected during 1969, the average concen- 
tration of phosphorus-32 in such a mixture of 
panfish was about 12 pCi/g, and that of zinc- 
65 was 5.5 pCi/g. 

From this species distribution and radio- 
chemical analyses of the specimens collected, 
the ‘“‘maximum individual’s” estimated intakes 
during 1969 were 0.47 »Ci phosphorus-32 and 
0.22 »Ci zinc-65 (9) which are about one-half 
the corresponding intakes during 1968. 

The average consumption of Columbia River 
fish by Richland residents was estimated from 
plant employee diet questionnaires (10). With 
the use of the same mixture of species as for 
the “maximum individual,” the “average Rich- 
land resident’s” intake during 1969 was 0.006 
uCi phosphorus-32 and 0.003 »Ci zinc-65. These 
intakes correspond to a bone dose of about 1 
mrem or about 0.2 percent of the standard of 
500 mrem per year for the population average. 
For comparison, intakes during 1968 were 
0.012 »Ci phosphorus-32 and 0.004 »Ci zinc-65. 


Radionuclides in game birds 


Waterfowl and other game birds utilizing the 
river downstream from the reactors or open 
low-level waste disposal sites within the plant 
boundaries may contain phosphorus-32, zinc-65, 
and other radionuclides as a result of ingestion 
of insects, algae, vegetation, and water contain- 
ing these radionuclides, and could be a signifi- 
cant exposure pathway for persons who con- 
sume such birds. Some waterfowl remain in 
this general area throughout the year. The con- 
centrations of radionuclides in game birds at 
the time of consumption are dependent upon 
the bird species, the geographical locations of 
the birds, their current feeding habits, and the 
elapsed time between killing and consumption 
of the birds. 

For the past 3 years, about 16 km? (4,000 
acres) of the Hanford reservation situated 
north of Ringold on the eastern side of the 
Columbia River have been opened to hunters 
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during hunting season. This area, which is 
adjacent to the river, was visited in 1969 by 
3,050 hunters for an average of about 63 
hunters on each of the 48 open days. The U.S. 
Fish and Wildlife Service has estimated that 
3,400 waterfowl, 50 pheasants, 45 quail, and 
20 chukar were harvested (11). For com- 
parison, the average number of hunters for 
1968 was about 33 on each of the 46 open days 
with a harvest of 1,037 waterfowl, 16 pheasant, 
75 quail, and 3 chukar (12). 

The average concentration of phosphorus-32 
in the muscle (the edible portion) of waterfow] 
collected at the Hanford site for the environ- 
mental monitoring program during 1969 was 
about 72 pCi/g for 46 ducks and 3.6 pCi/g for 
12 geese. The maximum concentration in such 
waterfowl during 1969 was 510 pCi phos- 
phorus-32/g, which is not significantly differ- 
ent from the maximum observed in 1968 for 
birds collected in the same area. 

In addition to the birds collected on the river, 
nine waterfowl were sampled from swamps and 
a trench within the plant boundaries. Seven of 
the samples were collected from swamps re- 
ceiving low-level liquid wastes near the chemi- 
cal separations areas. The muscle of these birds 
contained on the average 34 pCi phosphorus- 
32/g and less than 1 pCi zinc-65/g. The pre- 
dominant radionuclide in birds utilizing these 
swamps, cesium-137, was detected in concentra- 
tions ranging from 70 to 420 pCi/g and aver- 
aging 300 pCi/g. Fer comparison, cesium-137 
was detected in the muscle of only one water- 
fowl collected on the river, with a concentra- 
tion of 1.4 pCi/g, which was considerably 
below the typical range of concentrations ob- 
served in muscle of waterfowl collected from 
swamps near the chemical separations areas. 
If an adult had consumed one-half pound of the 
bird containing the maximum cesium-137 con- 
centration found in muscle from birds col- 
lected on the Hanford swamps during 1969, 
the resulting estimated radiation doses would 
be 8 mrem for the skeletal bone and 6 mrem 
for the whole body, about 1 percent of the 
appropriate standards for individual members 
of the public. 

Near the 100-K reactor area, two waterfowl 
were collected in late December from a trench 
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utilized for the temporary retention of reactor 
cooling water. As expected, the same radio- 
nuclides were found in these ducks as were 
normally found in birds collected on the river. 
However, because the sources of radioactivity 
for birds collected from the trench were de- 
rived from undiluted reactor cooling water 
rather than water diluted by the Columbia 
River, concentrations significantly higher than 
those in river birds were possible. The predom- 
inant radionuclide in the muscle of these two 
birds, phosphorus-32, was found at 0.003 and 
0.110 »Ci/g. Immediate consumption of one-half 
pound of the latter duck (ingestion of a little 
less than 25 »Ci of phosphorus-32) would result 
in a radiation dose of 4.7 rem to the skeletal 
bone of a standard man (13). However, the 
consumption of such a bird by any member of 
the public is considered to be unlikely in view 
of the fact that very few birds (of over 
200,000 in the area) would be likely to spend 
sufficient time in the trenches near the reactor 
areas to accumulate such large amounts of 
radioactive materials. Any delays between the 
time a bird left a trench and the time of shoot- 
ing or resulting from the frequent practice of 
freezing game birds for later consumption 
would permit radioactive decay and would 
further reduce the probability of consuming 
flesh containing the high concentrations of 
phosphorus-32. For example, in the case we 
have considered here, a delay of 4 weeks would 
have reduced the skeletal bone dose to less than 
1,500 mrem (the annual standard). As in past 
years, it is our judgment that ducks collected 
on swamps, trenches, or ponds are not repre- 
sentative of those available to the general 
population and that dose estimates derived 
therefrom are not pertinent for comparison 
with the established dose standards. Action 
taken by the reactor-operating contractor to 
prevent recurrence consisted of screening and 
partially filling the trenches in the two operat- 
ing reactor areas. This work to prevent access 
to the water surfaces was completed in the 
spring of 1970. 

Average concentrations in muscle for upland 
game birds collected at the Hanford site appear 
in table 7. The maximum phosphorus-32 con- 
centration in upland game bird muscle was 
340 pCi/g in a pheasant sample. For compari- 
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Table 7. Average phosphorus-32 and zinc-65 
concentrations * in muscle of river birds, 1969 


Concentration 
(pCi/g) 


Species 


Phosphorus-32 Zine-65 


Duck 
SS 
Pheasant _ 
Chukar >_ _ _ 


® Waterfowl collected on the Columbia River and other birds collected 
within 5 km (3 miles) of the river within the Hanford boundary 
b Estimate based on past data and comparison with quail 


son, the maximum phosphorus-32 concentra- 
tion in similar samples in 1968 was 490 pCi/g 
in a quail sample. 

Data from a dietary survey of Hanford em- 
ployees and from a special survey of local 
hunters and concentration data for the various 
species have been combined in tables 8 and 
9 (9,10,14). About 30 percent of the game 
bird meals consumed by local hunters were 
reported to be birds shot within 5 km (3 miles) 
of the Columbia River between Ringold and 
McNary Dam. Past analyses have shown that 
pheasants collected beyond this distance con- 

Table 8. 


Species distribution of local game birds, 


Percent 
Distribution 


| | 
Duck | Goose| Quail |Pheasant| Grouse Dove 


River birds*® of each | 
species __ . 3 3: ¢ 32 8 | 

Meals of each species 
of all bird meals_ _- 

River bird meals of 
each species of all 
bird meals of 8] 2.3 16 | 


20 


13 | No data 
| 


<1 | No data 


® River birds are defined to be birds shot within 5 km (3 miles) of the 
Columbia River between Ringold and McNary Dam. 


Table 9. Contribution * of each species to 100 grams 


of an average game bird meal, 1969 


| Radionuclide content 
Weight (pCi) 


Species (grams) 


we — 
Phosphorus-32 Zine-65 


liidese<s 
Goose. - - 
Quail-_-_ _- . 
Pheasant-_-_-_- -- 
Grouse 


® Weighted for location of kill by using measured concentrations for 
river birds and assuming no phosphorus-32 or zinc-65 in other birds. Also 
weighted for frozen storage by assuming complete decay of phosphorus-32 
but no significant decay of zinc-65 during frozen storage of 44 percent of 
the birds. 
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tain little, if any, radioactivity of Hanford 
origin. About 44 percent of all birds eaten were 
reported to have been placed in frozen storage, 
which would permit appreciable decay of any 
phosphorus-32 before consumption. 

The maximum total game bird consumption 
by adults reported to date is 100 meals per 
year, which we assume to be about 23 kg/a. 
Consumption of this weight of the average 
game bird meal (table 8) would result in in- 
takes of 0.12 »Ci phosphorus-32 per year and 
0.03 »Ci zinc-65 per year, implying 23 mrem 
to the skeleton of a “standard man” or less 
than 2 percent of the standard for individual 
members of the population with bone as the 
critical organ. Consumption of the estimated 
annual intake (1.24 kg/a) for the “average 
Richland resident” (adult) would result in 
intakes of 0.006 »Ci phosphorus-32 and 0.001 
uCi zinc-65, implying a total dose of about 1 
mrem to the skeleton or less than 1 percent of 
the appropriate standard (500 mrem/a). 


Radionuclides in shellfish 


Zinc-65 and phophorus-32 are the only radio- 


nuclides in the reactor effluent that are found 
in sufficient abundance in food organisms be- 
yond the mouth of the Columbia River to be of 
radiological interest. Oysters have been found 
to contain higher concentrations of zinc-65 
than other common seafoods (15). Monthly 
average concentrations of zinc-65 and phos- 
phorus-32 were periodically measured in oy- 
sters grown commercially in the Willapa Bay 
area. A normal seasonal minimum for phos- 
phorus-32 occurs in the late summer. In 1969, 
phosphorus-32 average concentrations re- 
mained at or below 1 pCi/g from August 
through December, as in 1968. The annual 
average concentrations for 1969 were 19 pCi 
zinc-65/g and 2.8 pCi phosphorus-32/¢g. 
Consumption of oysters containing the 1969 
average concentrations at the rate of 50 g/day 
would result in annual doses of about 4 mrem 
to the GI tract, 3 mrem to the whole body, and 
11 mrem to the bone of a standard man 
(13,16). Fresh shellfish are not an important 
item in the average tri-cities diet, but residents 
of some coastal areas may consume more than 


the reference value of 50 g/day. For such in- 
dividuals, shellfish are assumed to be their only 
source of radionuclides of Hanford origin. 


Radionuclides in milk and produce 


Irrigation with river water containing re- 
actor effluent radionuclides can influence the 
radioactivity found in locally grown products. 
Deposition of airborne materials from Han- 
ford sources and from fallout can be an addi- 
tional source of radionuclides in these prod- 
ucts. Chemical separations facilities are-gener- 
ally the principal local source of airborne radio- 
nuclides, although radioactive materials re- 
leased from ventilation stacks of reactor or 
laboratory facilities could, under certain con- 
ditions, be of interest. 


The farming areas closest to the separations 
facilities is at Ringold about 21 km (13 miles) 
away. However, much of the land east and 
south of the project boundary is under cultiva- 
tion and may be in the path of airborne re- 
leases. 


Most irrigated farms near the Hanford plant 
obtain water from the Yakima River, or from 
the Columbia River above the plant. However, 
two small irrigated areas using Columbia River 
water taken downstream from the reactors are 
the Ringold farms and the Riverview district, 
west of Pasco. They are 40 and 65 km (25 and 
40 miles) respectively, downstream from the 
operating reactors. The Ringold farms, about 
21 km east of the separations areas, involve 
some 20 people working 2 km* (500 acres) of 
land with fruit as the principal product. The 
Riverview district comprises about 21 km? 
(5,200 acres) supporting about 1,000 families, 
the majority of which live on plots of 2,500 m*° 
(1 acre) or less and raise family gardens. The 
principal products from the larger farm plots 
are hay, fruit, beef, and dairy products. This 
area is centered, 40 km (25 miles) southeast of 
the chemical separations plants. 

The milk surveillance program maintained 
during 1969 included samples from local farms 
and dairies and from commercial supplies avail- 
able to people in the tri-cities. The concentra- 
tions of radionuclides found in milk sold by 
commercial outlets were similar to those re- 
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ported by the U.S. Public Health Service and 
the Washington State Department of Health 
(17, 18). Milk from local farms irrigated with 
water drawn from the river downstream from 
the reactors contained phosphorus-32, zinc-65, 
and iodine-131, as well as fission products of 
fallout origin. Commercial milk distributed in 
the tri-cities usually does not contain detectable 
phosphorus-32 or zinc-65 because only a small 
fraction of the milk is produced on farms irri- 
gated with water drawn from the Columbia 
River below the Hanford reactors. 

In 1968 and 1969, river-irrigated farms were 
sampled only in Riverview. Although two 
farms were sampled during a few months of 
1969, the majority of the concentrations of 
phosphorus-32 and zinc-65 for this Riverview 
farm were 160 and 110 pCi/liter. compared to 
310 and 130 pCi/liter, respectively, for the 
same farm in 1968. Seasonal fluctuations in 
concentrations of both phophorus-32 and zinc- 
65, caused primarily by irrigation and feeding 
practices, followed expected trends. 

During 1969, iodine-131 concentrations in 
both farm milk and commercial milk were 
generally near or below the analytical limit 
(3 pCi/liter). The maximum iodine-131 con- 
centration for the period (8 pCi/liter) was 
measured in a single sample of farm milk col- 
lected on March 11, 1969. The average con- 
centration for the year in farm milk was <1.3 
pCi iodine-131/liter. 

Adult residents consuming milk (1 liter/day) 
obtained from the Riverview area could have 
received an annual dose from phosphorus-32 
and zinc-65 amounting to about 2 mrem to the 
GI tract, 1 mrem to the whole body, and 11 
mrem to the bone. The same intake of milk 
by a child with a 2 kg skeleton would result 
in an estimated bone dose of 39 mrem.'® The 
intake of iodine-131 would have resulted in a 
dose of about 8 mrem to the 2 g thyroid of 
an infant. 

Miscellaneous fresh produce from local farms 
was sampled periodically for radioanalysis dur- 
ing the 1969 growing season. Results of these 
measurements were similar to those of previ- 
ous years and indicated that only small quanti- 
ties of radionuclides are present in locally- 


10 Based on dose factors of 660 mrem/uCi for 32P and 
11 mrem/zCi for *Zn for the 2 kg skeletal weight. 
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grown produce. Specifically, the concentrations 
of iodine-131 found in samples of fresh leafy 
vegetables collected from local farms and 
markets during May through September were 
less than or approximately equal to the analyt- 
ical limit of 0.05 pCi/g. 


External radiation 


Clusters of three ionization chambers (Vic- 
toreen stray radiation chambers) located 1 
meter above the ground level on the Hanford 
reservation and in Richland, measure the 
gamma _ radiation exposure from. external 
sources. Data for January 1969 were lost. Data 
collected during the remainder of the year in- 
dicated slightly higher average exposures at 
both locations as compared to 1968 values. For 
1969, the measured exposure averaged about 
140 mR/a at Hanford and 110 mR/a at Rich- 
land. Essentially all of the exposure at Rich- 
land is from natural background and worldwide 
fallout from nuclear testing. 

Estimates of the external radiation dose re- 
ceived from recreational use of the Columbia 
River in the vicinity of the Hanford project 
are based on routine measurements at the river 
shoreline at Richland and Sacajawea Park and 
below the surface of the river at Richland. The 
shoreline measurements are made with a large 
(40 liter) ionization chamber set 1 m back from 
the water’s edge and 1 m above the ground to 
approximate the dose rates to the gonads of 
a person on the riverbank. The measured ex- 
posure rates include components from radio- 
activity accumulated in sediment deposits and 
algal growths at the river’s edge as well as 
from radioactive material in the water. Gamma 
spectra have shown that scandium-46 and 
zinc-65 were the major contributors to the 
shoreline component, and sodium-24 to the 
water component. Daily and seasonal fluctua- 
tions in the river flow rate affect the shoreline 
radiation levels in several ways including 
changes in the volume of water diluting the 
reactor effluent, in the time required for short- 
lived radionuclides to reach downstream loca- 
tions, and in the amount of sediment exposed. 
Other seasonal variations may reflect such 
things as changes in parent nuclides (such as 
the spring increase in manganese-56) or in 
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biological cycles (shoreline insect deposits of 
debris). For the panfish species consumed in 
the largest quantities, the primary fishing loca- 
tions are downstream from Richland. The ra- 
diation dose received by fishermen while fishing 
these locations is estimated from measurements 
at Sacajawea Park, where the Snake River 
enters the Columbia. 

An avid fisherman (such as the maximum in- 
dividual), standing on the shoreline at Saca- 
jawea Park for as much as 500 hours during 
1969, could have had a gonad exposure to 
external gamma radiation of Hanford origin 
of 8.5 mR (about 2 percent of standard for 
whole body). 

The immersion dose received by tri-city 
swimmers is based on April through October 
exposure rates at Richland, measured with 
clusters of five pocket-type ionization chambers 
positioned about 1 meter below the surface of 
the Columbia River. Measured immersion ex- 
posure rates were primarily due to the gamma 
emitters (especially sodium-24) introduced into 
the river with reactor cooling water. In the 
vicinity of Richland, the average immersion 
exposure rate during April through October 
1969 was 2.7 mR/day. Because the contribu- 
tion of natural background external radiation 
during immersion would be quite small rela- 
tive to the inaccuracies of the measurement, 
the measured immersion exposure rate is at- 
tributed entirely to radioactivity of Hanford 
origin. 

In 1968, teenagers were recognized as the 
major recreational users of the river. A survey 
of 430 Richland teenagers indicated an average 
exposure time of about 115 hours in or along 
the river for members of this group. About 
one-third of the time was probably immersion 
and about two-thirds was shoreline exposure."! 
Using the annual average shoreline exposure 
rate and the April through October average im- 
mersion exposure rate at Richland, the average 
exposure to the teenage population was es- 
timated to be about 6 mR during 1969. This was 
somewhat higher than in 1968 because of the 
slightly increased immersion exposure rate. 


11 Unpublished shoreline data by D. H. Denham, 
Battelle-Northwest, Richland, Wash. (1969). 
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The exposures to teenagers who reported 
considerably greater river exposure time than 
the average were estimated. The 38 teenagers 
reporting 300 hours or more per year of Colum- 
bia River recreation time were taken to be 
representative of the critical population group 
for this exposure pathway. The estimated ex- 
posures to external radiation of Hanford origin 
for individual members of this group ranged 
from 8 to 53 mR, with an average of about 23 
mR. Expressed as whole body dose, this aver- 
age (23 mrem) for the critical population 
group with respect to external exposure rep- 
resents less than 5 percent of the appropriate 
standard (500 mrem/a) for critical individuals. 

The average whole body dose received by 
the Richland population from recreational use 
of the Columbia River can be estimated by 
assuming that other age groups use the river 
less than teenagers, but with the same propor- 
tion of immersion and shoreline exposure times. 
For the average exposure of the Richland pop- 
ulation, an annual Columbia River (recreation) 
time of 32 hours was assumed. Based on 11 
hours of immersion and 21 hours of shoreline 
exposure in the vicinity of Richland,'* the 
whole body dose received by the average Rich- 
land resident during 1969 was estimated to be 
about 2 mrem, or about 1 percent of the appro- 
priate standard of 170 mrem/a. 


Fallout from nuclear weapons tests 


Dose increments received by residents of the 
Hanford environs from the fallout nuclides 
tritium, strontium-90, and cesium-137, have 
been estimated routinely, although they are not 
included in the assessment of dose due to Han- 
ford operations. The concentrations of fallout 
nuclides in the local environs are below the 
national average because of the low rainfall. 
Measurements of fallout, like measurements of 
natural background radiation, help to put the 
radiation doses resulting from Hanford opera- 
tions in proper perspective. 

Unlike previous years, no increase of iodine- 
131 concentrations in milk attributable to fall- 
out from weapons testing were observed dur- 


"12 Unpublished recreational use data by J. F. Hon- 
stead, Battelle-Northwest, Richland, Wash. (1969). 
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ing 1969, even though foreign weapons tests 
were conducted in late December 1968 and 
September 1969 (9, 19). 

Estimates of tritium intake from drinking 
water were based on concentrations measured 
in river water. Concentrations of strontium-90 
in locally produced farm and commercial milk 
are similar to those in commercial milk pro- 
duced in other areas of low rainfall remote 
from the Hanford plant (17). Strontium-90 in 
locally produced commercial milk averaged 
3.4 pCi/liter during 1969, slightly below that 
in 1968. Concentrations of cesium-137 averaged 
below the analytical limit of 30 pCi/liter for 
both types of milk worldwide. Worldwide fall- 
out is the primary source of strontium-90 and 
cesium-137 in milk. 

Assuming that 40 percent of the total stron- 
tium-90 intake from fallout is obtained from 
milk, the daily intake of strontium-90 during 
1969 was estimated to be 12 pCi/day for the 
“maximum individual’ and 4 pCi/day for the 
“average Richland resident” (adult) (20). 


These values are similar to the intakes esti- 
mated for 1968 (10 and 5 pCi/day, respec- 
tively). The total intake of cesium-137 during 


1969 was about 0.03 »Ci for the “maximum 
individual,” and 0.009 »Ci for the “average 
adult Richland resident.” These intakes are also 
similar to those for 1968. 

Table 10 shows a summary of the estimated 


Table 10. Annual radiation dose from fallout 
radionuclides,* 1969 





Radiation dose 
(mrem) 





Radionuclide 
“Maximum” 


\ I “Average” 
individual 


Richland 
resident 





ae 


..| Whole body 
Strontium-90 >____ 


Whole body 


Sees 

Whole body 

GI tract......- 
EE EEREIT: 

Whole body 

. i ee 
TREE. 














* Not included in dose summaries presented elsewhere. 

> The radiation dose commitments shown for bone and whole body repre- 
sent the dose received over a period of 50 years based on ICRP methods. 
Only a few percent of the total dose commitment from strontium-90 intake 
is received during the first year for each of these organs. 

¢ For the whole body dose commitment from ingestion of cesium-137 
by an adult, the FRC dose conversion factor of 0.06 rem/zCi was used. 
In previous reports the factor 0.031 rem/yzCi based on ICRP values was 
used. The principal reason for the difference in the two factors is a change 
~ — a. for biological half life of cesium-137 from 70 to 100 days in 

e adult. 
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annual dose commitments from fallout nuclides 
present in the Hanford environs. The stron- 
tium-90 intakes are also evaluated in terms of 
the Federal Radiation Council guides (7) for 
the maximum individual and the average Rich- 
land resident. Both correspond to 2 percent of 
the FRC intake guides for the upper end of 
Range II. 


Composite estimates of radiation dose 
The maximum individual 


Experience accumulated from the environ- 
mental surveillance program and associated 
research studies indicates that those individ- 
uals receiving the greatest percentage of per- 
missible radiation dose from Hanford sources 
consume some combination of the following: 
fish caught locally in the Columbia River, game 
birds shot near the river, foodstuffs produced 
on local farms irrigated with Columbia River 
water drawn from below the reactors, and 
municipal water with the Columbia River as 
the source. A hypothetical “maximum” individ- 
ual has been assigned assumed dietary habits 
(table 11) which are identical to those used in 
the 1966, 1967, and 1968 annual reports 
(5, 10, 21). 

The consumption rates of most foods for 
this hypothetical “maximum” individual were 
compiled from intake rates described in pub- 

Table 11. 


Dietary assumptions, 1969 





“ . 99 $2 ges “Average” (adult) 
Foodstuffs Maximum” individual Richiead vesldent 





Ey ae 730 liter/a 
380 liter/a 
80 kg/a 
8 kg/a 
30 kg/a 


0 

40 kg/a 
d 0 
°73 kg/a 


liter/a 
30 liter/a 
| 
| 


od 
Columbia River fish - - 
Game birds 
Leafy vegetables. __ __ 36.5 kg/a 
Other vegetables and 


°530 kg/a : kg/a 





“Maximum” individual “Average” (infant) 
(infant) Richland resident 





0.8 liter/day 
1.0 liter/day 
50 g/day 


0.4 liter/day 
-6 liter/day 
25 g/day 











* Based on dietary questionnaires of Richland residents employed at 
Hanford. 

b One-tenth of the total is assumed to be Willapa Bay oysters, the re- 
mainder free of radionuclides of Hanford origin 

¢ Fresh produce from the Riverview area is assumed to be available 
only during 5 months of the year. 

4 Insignificant amount and figures in the table are weighted to reflect 
this fact. 
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lished dietary surveys and have been docu- 
mented separately in detail (22, 23). The postu- 
lated sources include water from the Pasco 
municipal system and milk, meat, and produce 
from river-irrigated farms in the Riverview 
district. The consumption of fish (200 meals 
per year of panfish taken from the Columbia 
River) and the total time spent along the river 
bank to catch these fish (500 hours per year) 
are based on the values reported in local sur- 
veys. 

The composite doses estimated for this ‘““max- 
imum” individual are summarized in table 12 
and illustrated in figure 6. Decreases were 
noted for all estimated organ doses with the 
largest decreases being for the infant thyroid 
and the adult bone doses. 

The estimated bone dose received by the 
maximum individual in 1969 was 140 mrem 
(9 percent of the appropriate standard) de- 
rived from both radionuclide intake and ex- 
ternal radiation. About 66 percent of the bone 
dose resulted from ingestion of Columbia River 


SOURCE 
NUCLIDE FOOD, ETC. 


/ALL OTHER 
CHICKEN 





MEAT 

\ EGGS 

MILK 

FISH 
—EXT. y 





EXT. y 
ALL OTHER 




















FRUIT & VEG. 


ALL OTHER 


Table 12. 


Summary of radiation doses in the 
Hanford environs,* 1968-1969 





1968 | 1969 





| | Standard 

Annual | Percent Annual | Percent (mrem) 
dose of dose oO 

| (mrem) | standard | (mrem) | standard | 


| 





Maximum 
individual: 
Bone__ nal 
Whole-body-_-- -_-| 
GI tract_ 
Thyroid (infant)_| 
Average Richland 
resident: 


Whole-body 
GI tract_ _- = 
Thyroid (infant)_| 





Doses from fallout and natural background not included 


fish and about 6 percent from exposure to 
shoreline radiation while fishing. About 9 per- 
cent of the total bone dose was derived from 
milk, 6 percent from eggs, 4 percent from fruit 
and vegetables, 3 percent from meat, 3 percent 
from chicken, and about 3 percent from drink- 
ing water. A single radionuclide, phosphorus- 
32, accounted for 92 percent of the total bone 
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Figure 6. Estimated doses to the “maximum” individual, 1969 
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dose. For comparison, the 1968 estimated bone 
dose was 250 mrem (17 percent of standard). 


The whole body dose estimate for 1969 for 
the “maximum” individual was 18 mrem (4 
percent of the standard) , somewhat lower than 
the 1968 estimate of 24 mrem (5 percent of the 
standard). For 1969, about 48 percent of the 
whole body dose resulted from exposure to 
shoreline radiation while fishing. 


The estimated dose to the GI tract for the 
maximum individual during 1969 was 40 mrem 
(3 percent of standard), also lower than the 
1968 estimate of 62 mrem (4 percent of stand- 
ard). In 1969, the principal sources were drink- 
ing water, panfish, and external radiation con- 
tributing 32 percent, 30 percent, and 21 percent 
of the total dose, respectively. 


The highest radiation doses to human thy- 
roids are those received by infants because of 
the relatively small thyroid mass (assumed to 
be 2 grams). For the purpose of estimating 
thyroid dose for comparison with the standard, 
the maximum individual is defined as an infant 
drinking water with radionuclide concentra- 
tions equal to those at the Richland water plant 
and consuming food and milk obtained from 


commercial sources. Dietary assumptions for 
1969 (table 11) were identical to those in 1968 
and 1967. 


The estimated thyroid dose for such an in- 
fant in 1969 was 60 mrem (4 percent of the 
standard), which is significantly less than the 
1968 estimate of 110 mrem (7 percent of the 
standard). This decrease resulted from a de- 
crease in the measured concentrations of iodine- 
131 in Richland drinking water in 1969. Meas- 
urements of monthly grab samples of drinking 
water during 1969 indicated the same ratio of 
concentrations of the short-lived iodine-133 to 
iodine-131 (6:1) that was observed in 1968. 
The annual average iodine-133 concentration 
was estimated by multiplying the annual aver- 
age iodine-131 concentration in cumulative 
samples by the average measured iodine-133 
to iodine-131 ratio. In 1969, iodine-133 and 
iodine-131 in drinking water contributed 52 
percent and 28 percent of the maximum in- 
dividual (infant) thyroid dose. Iodine-131 in 
milk and in leafy vegetables accounted for the 
remainder. 
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Table 13 shows the significant decreases in 
estimated doses to the maximum individual 
over the years 1965 to 1969, with organ doses 
adjusted to a comparable basis where necessary 
to clarify trends. The long-term trend for all 
organ doses is obviously downward. The bone 
doses from ingested radionuclides only are 
shown, because, although exposure to shoreline 
radiation had been assumed for previous years, 
no external radiation contribution to the bone 
dose was evaluated until 1968, when radio- 
nuclide intakes were evaluated in terms of 
mrem rather than expressed as a percentage 
of the maximum permissible rate of intake 
(MPRI). The thyroid doses shown are those 
from intake of iodine-131 only, because iodine- 
133 contributions were not routinely evaluated 
until 1967, although iodine-133 was undoubtedly 
present in drinking water to some extent in 
previous years. 

Table 13. 


Dose estimates for ““maximum” individual 
1965 to 1969 * 





Percent of standards 
Organ Standard 


mrem ) 


1968 | 1969 


| 1965 1966 | 1967 


GI tract >_______-- j 5 | 5 3 1,500 
Whole-body »_ ___- j 5 3 | 500 
Bone. _ ce 1,500 
Thyroid 


1,500 





® Does not include contributions from fallout and natural background 
radiation. 

> The annual dose contributions to the whole-body and GI tract from 
external radiation for the years 1965 through 1969 were estimated to be 
15, 13, 11, 9.5, and 8.5 mrem and have been included in the doses listed 
for these organs. 

¢ For comparison, bone doses from ingested radionuclides are shown for 
all years although in 1968 and 1969, a contribution from external radiation 
was included in the total bone dose estimates 

4 For comparison, the thyroid doses listed are from iodine-131 only, al- 
though in 1967, 1968, and 1969, a contribution from iodine-133 was in- 
cluded in the thyroid dose estimate. 


The “average” Richland resident 


Estimates of average consumption rates of 
several food items were obtained for Richland 
adults from analysis of dietary questionnaires 
completed by plant employees. The program 
and the data have been discussed in another 
report (10). Table 11 includes a summary of 
the diet for the “average” Richland resident 
whose food is assumed to come from commer- 
cial sources. 

In computing doses for the “average” Rich- 
land resident, the assumed food sources were 
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Richland drinking water with average concen- 
trations adjusted for radioactive decay and 
dilution, Columbia River fish with the average 
species composition of fish ingested by the 
“maximum” individual, “average” game birds, 
and milk, meat, and produce from local stores. 

Because no significant contribution from 
Hanford operations to the background radia- 
tion levels in Richland can be discerned, the 
external dose to the “average” Richland resi- 
dent is assumed to result only from recreational 
use of the Columbia River. An estimated dose 
increment of 2 mrem from immersion in the 
river and activities along the shoreline was 
included in the GI tract, whole-body, and bone 
doses. No such increment was included in the 
thyroid dose which is calculated for the infant 
because of the limited use of the river by this 
age group. 

The composite doses estimated for the “aver- 
age” Richland resident for 1969 (figure 7) are 
summarized in table 12 with 1968 estimates 
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Figure 7. 
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for comparison. The 1969 doses estimated for 
the GI tract of the “average” Richland resident 
and for the thyroid of the “average” Richland 
infant decreased significantly. No significant 
differences between 1968 and 1969 dose esti- 
mates were noted for the bone and whole body. 

The estimated bone dose received by the 
“average” Richland resident in 1969 was 15 
mrem (3 percent of the standard) derived 
from both radionuclide intake and (as in 1968) 
external radiation. About 25 percent of the 
total bone dose was derived from drinking 
water, 24 percent from meat, 13 percent from 
external radiation, 13 percent from milk, 8 
percent from game birds, 7 percent from pan- 
fish, 6 percent from seafood, and 4 percent 
from remaining food items. A single radio- 
nuclide, phosphorus-32, accounted for 85 per- 
cent of the total bone dose. For comparison, 
the 1968 estimated bone dose was 13 mrem 
(3 percent of the standard). 

The whole-body dose estimate for 1969 was 
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Estimated doses to the “average” Richland resident, 1969 
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4 mrem (2 percent of the standard), not sig- 
nificantly different from the 1968 estimate of 
3 mrem (2 percent of the standard). For 1969, 
about 53 percent of the whole body dose re- 
sulted from recreational use of the Columbia 
River. 

The estimated dose to the GI tract for the 
“average” Richland resident during 1969 was 
19 mrem (4 percent of the standard), some- 
what lower than the 1968 estimate of 25 mrem 
(5 percent of the standard). As in 1968, the 
principal source was drinking water (81 per- 
cent of the total 1969 dose). 

The “average” Richland infant is defined as 
an infant drinking Richland municipal water, 
with radionuclide concentrations adjusted for 
radioactive decay and dilution. Dietary assump- 
tions for 1969 were identical to those used in 
1968 and 1967. 

The estimated thyroid dose for such an in- 
fant in 1969 was 23 mrem (5 percent of the 
standard), significantly less than the 1968 es- 
timate of 39 mrem (8 percent of the standard). 
This decrease resulted from decreased concen- 
trations of radioiodines in Richland drinking 
water, which was, as in 1968, the principal 
source of radioiodines. In 1969, iodine-133 and 
iodine-131 in drinking water contributed 40 
and 30 percent, respectively, of the “average” 
Richland infant’s thyroid dose. Iodine-131 in 
milk and in leafy vegetables accounted for the 
remainder. 


Conclusions 


The Hanford environmental surveillance pro- 
gram for 1969 indicated that most of the en- 
vironmental radiation dose for the majority 
of persons living in the Hanford environs was 
due to natural sources and worldwide fallout 
rather than to Hanford operations. The major 
source of low-level wastes released to the en- 
vironment from Hanford operations continued 
to be reactor cooling water discharged to the 
Columbia River. During 1969, radiation doses 
of Hanford origin were less than one-tenth 
of the appropriate dose standards and reflected 
a general decrease from comparable 1968 
values for most organs. The gradual shutdown 
of Hanford facilities has contributed to the 
decrease in environmental doses over the past 
few years. 
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Republic of France Nuclear Detonations, 1960—1971 


Table 1 lists the reported nuclear detonations 
for the Republic of France from 1960 to 1971. 
The first nuclear explosions were held in Al- 
geria, and from November 1961 to February 
1966, a series of tests was conducted in the 
Sahara Desert. During 1963 to 1966, France 
developed a center for testing nuclear weapons 
in the islands of Tuamotu Archipelago in the 
South Pacific Ocean (1) in the region of the 
Tropic of Capricorn, approximately 4,000 miles 
to the east of Australia (2). 


Table 1. Republic of France 


France did not sign the test ban agreement 
forbidding nuclear explosions in the atmos- 
phere. 
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nuclear detonations, 1960-1971 





Date of detonation Type 


Yield 


Location 





Tower 
Surface 
Tower 

Tower 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 
Underground 


7/27/70. 
8/2/70 








60-70 kilotons 
Small 


200-300 kilotons 

Small 

Small 

Small 

Small 

0.5 megaton 

Low-intermediate 

Low megaton 
(First H-bomb} 

Low megaton 

Low 


Intermediate 
Intermediate 
(Megaton range) 
Low 
Intermediate 
(One megaton) 
Low 
Low-intermediate 
Intermediate 
Low ¢ 
Intermediate ¢ 
sow © 
Low « 
Intermediate ¢ 





*Reggan, Algeria 
Reggan, Algeria 
Reggan, Algeria 
Reggan, Algeria 

b5.03.07E, 24.03.25N 
5.02.30E, 24.03.46N 

x , 24.02.28N 

), 24.02.36N 
=, 24.02.07N 
f, 24.03.13N 
S, 24.03.59N 
{, 24.02.30N 

.52E, 24.03.31N 

3E, 24.03.18N 
{, 24.03.53N 

S, 24.02.37N 
24.02.39N 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Fangataufa Island 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Mururoa Island 

Fangataufa Island 


Pal adakalsal-al-alal al ado 


Mururoa Island 
Mururoa Island 
Mururoa Island 
Fangataufa Island 


Mururoa Island 
Mururoa Island 


Mururoa Island 
Fangataufa Island 
Mururoa Island 
Mururoa Island 
Mururoa Island 
Mururoa Island 
Mururoa Island 
Mururoa Island 





* First test of a nuclear device, tower was 350 feet high. 


b Loe 


ation of tests for which coordinates are given is the Sahara Desert. 


¢ Approximate yield; low, 0-100 kilotons, intermediate, 100—1,000 kilotons. 


December 1971 





Reported Nuclear Detonations, November 1971 


(Includes seismic signals from foreign test areas) 


The U.S. Atomic Energy Commission con- 
ducted a nuclear detonation of a <5 megaton 
device (named Cannikin), about 5,875 feet 
under the surface of Amchitka Island in the 
Aleutian Chain of Alaska at 11:00 a.m., Bering 
Sea time (5:00 p.m., EST), Saturday, Novem- 
ber 6, 1971. A report from the Palmer Observa- 
tory indicated that on detonation, a reading of 
7.0 on the Richter scale ‘occurred, as predicted. 

No large earthquake was triggered by the 
detonation, although hundreds of aftershocks 
much smaller in recorded magnitude than the 
shock wave from the explosion were registered 
in the vicinity of the detonation until the cavity 
created by the detonation collapsed to the sur- 
face (this occurred about 38 hours after the 
test). No aftershocks were observed after 
cavity collapse. A preliminary survey of the 
surface subsidence indicated that it had a max- 
imum depth of about 60 feet, with a radius of 
approximately 2,600 feet. When surface col- 
lapse occurred, seismic instruments at Palmer, 
Alaska, recorded the resulting earth disturb- 
ance as having a Richter magnitude (surface 
wave) of about 5.0. 

When Cannikin was detonated, natural ocean 
wave activity was high in the Amchitka region 
because of very strong winds the previous day. 
No tsunami or large ocean wave produced by 
ocean floor movement was observed or re- 
corded. 

The tundra surface in the ground zero area 
was considerably cracked and otherwise dis- 
turbed, as had been expected. Two ponds in the 
area were drained and three others partially 
drained. Cliff and turf falls along the Bering 
Sea for a 2-mile stretch near ground zero were 
greater than had been predicted, and prelimi- 
nary indications are that the beach and ocean 
floor in the near vicinity of the Cannikin site 
has been lifted permanently by several feet. 

Cliff and turf falls along the Pacific Ocean 
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side of the island appeared to be approximately 
as predicted. 

The dike of a pond holding drilling mud, 
about 4.7 miles from ground zero, developed 
cracks from Cannikin ground motion, and an 
estimated 5,000 cubic yards of drilling mud 
escaped before the cracks were sealed. Most of 
the mud flowed into a small creek that empties 
into the Pacific Ocean, with the inflow being at 
a point about one and a half miles from the 
ocean. On the basis of other experience, it 
must be assumed that organisms in the affected 
portion of the creek were destroyed. 

Searches of the seashores of Amchitka 
located and recovered the bodies of 14 dead sea 
otters. Two additional injured otters were ob- 
served from helicopters, but these animals could 
not be recovered. Another two abandoned small 
otter pups were seen but not recovered. As- 
sumption was made that all these died, making 
a total of 18 (16 on the Pacific side and two on 
the Bering side). 

Twelve of the 14 recovered sea otter bodies 
underwent autopsies. ‘Deaths of seven appeared 
to be from overpressure in water, two died 
from rockfalls, and three apparently were 
fatally injured by vertical acceleration (up- 
thrust of the ground). 

Aerial counts have indicated a lessened num- 
ber of sea otters in the Bering Sea near the 
Cannikin site as compared with before the test. 
The water there is muddied for some distance 
out because of siltation from turf falls into the 
water. On the Pacific Ocean side of Amchitka 
and along other parts of the Bering coast, it 
appeared that normal numbers of sea otters 
were observed. 

Four dead seals were found in the searches 
and their autopsies showed that all apparently 
died from overpressure. 

Autopsies of 16 dead birds found on the is- 
land indicated that all but one died of the ef- 
fects of the explosion, seven from overpressure 
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and eight from vertical acceleration. No eagles 
or peregrine falcons were among the dead 
birds. Three or four bald eagle nesting sites 
along the Bering coast apparently were lost in 
cliff falls, and two on the Pacific coast. One 
eagle nesting site on each coast appeared un- 
stable and subject to weather damage. No 
peregrine falcon nesting sites used in 1971 
were lost, but one used in 1969 and. 1970 was 
believed gone. 

Hundreds of dead fish were found on beaches, 
most of them greenling which live around the 
kelp beds fringing Amchitka. A scuba survey 
of ocean bottom areas near ground zero on both 
the Pacific and Bering sides of the island indi- 
cated no significant difference in numbers of 
sea urchins from before the test. Hundreds of 
dead fresh water fish were found on the borders 
of small lakes near Cannikin ground zero. Most 
were sticklebacks (a small trash fish) and a 
great many of them were in patterns, indicat- 
ing their kill came from gale winds the day 
before Cannikin. Some Dolly Varden Char (a 
game fish) were also found dead. 


There has been no detectable release of radio- 
activity to the marine or surface environment 
as a result of Cannikin. Measurements will con- 
tinue for a number of years. 

China set off an atmospheric nuclear explo- 
sion at approximately 1:00 a.m., EST, Novem- 


ber 18, 1971, in the vicinity of Lop Nor. The 
yield was about 20 kilotons. 

A nuclear test in the yield range of less than 
20 kilotons was conducted underground on 
Wednesday, November 24, 1971, by the Atomic 
Energy Commission at its Nevada Test Site. 

The nature of the scientific experiment in- 
volved the possibility of a very small release of 
radioactivity. A seepage of radioactivity did 
occur about 4 hours after the test was con- 
ducted. Aircraft and ground radiation monitor- 
ing teams kept track of the radioactivity as it 
dispersed. A very small amount of radioactivity 
was detected south of the Nevada Test Site, a 
few miles east of Lathrop Wells, immediately 
adjacent to the site. No radiation readings 
above background have been obtained on the 
ground off the test site, however, monitoring 
and environmental sampling are continuing. 
The level of radiation detected in the air was 
only slightly above normal background. There 
is no health hazard either on or off the Nevada 
Test Site. 

Seismic signals, presumably from a Soviet 
underground nuclear explosion, were recorded 
by the United States today. The signals ori- 
ginated at approximately 1:00 a.m., EST, No- 
vember 29, 1971, at the Semipalatinsk nuclear 
test area and were equivalent to those of an 
underground nuclear explosion in the inter- 
mediate yield range of 20-200 kilotons. 








Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be 
obtained upon request from the Division of Public Information, U.S. 
Atomic Energy Commission, Washington, D.C. 20545. 
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A 


Air—see atmospheric contaminants, environment, fall- 
out, Radiation Alert Network 
A joint x-ray ,radiation survey in Puerto Rico, 1968, 
Oct :495 
Argonne National Laboratory 
July—December 1969, Jan:70 
January—June 1970, May :285 
Atmospheric contaminants—see also environment, fall- 
out, nuclear detonations 
Canadian air and precipitation monitoring 
network 
September 1970, Jan:50 
October 1970, Feb:111 
November 1970, Mar :156 
December 1970, Apr :215 
January 1971, May :282 July 1971, Nov :583 
February 1971, June :33 August 1971, Dec :637 
Pan American air sampling program 


March 1971, July :391 
April 1971, Aug :425 
May 1971, Sept:481 
June 1971, Oct :524 


September 1970, Jan:51 
October 1970, Feb :112 


November 1970, Mar :157 
December 1970, Apr :216 


January 1971, May :283 


February 1971, June :335 


March 1971, July :392 
April 1971, Aug :426 
May 1971, Sept:482 
June 1971, Oct :525 
July 1971, Nov :584 
August 1971, Dec :638 


Plutonium in airborne particulates 
January—June 1970, Mar:157 


Annual Subject Index 
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B 


Barium-lanthanum-140—see atmospheric contamin- 
ants; Atomic Energy Commission Installations; fall- 
out; milk 
Bettis Atomic Power Laboratory 
January—December 1970, Nov :586 
Bone 
Strontium-90 in human bone 
January—March 1970, Jan:67 
April-June 1970, Apr :225 
July-September 1970, June :337 
October-December 1970, Sept :483 

Strontium-90 in human vertebrae in Czechoslovakia 
1964-1969, Nov: 541 

Strontium-90 ratios in human bone, United States, 
Germany, and England, 1964-1969, Nov :546 


C 


Calcium—see also diet; milk 
Strontium-90 and cesium-137 levels in the diet of 
children on a school lunch program, Mar:139 
California 
Estimated daily intake of radionuclides in California 


July-December 1970, June :335 
January—March 1971, Nov :584 


Radiation Alert Network 
September 1970, Jan:47 
October 1970, Feb :108 
November 1970, Mar :153 
December 1970, Apr:212 
January 1971, May :280 July 1971, Nov :581 
February 1971, June:332 August 1971, Dec:635 

Mexican air monitoring program 
August—December 1970, Oct :525 
January 1971, Oct:525 

Surface air sampling program—80th Meridian Net- 
work 
January—December 1967, Jan:57 
January—December 1968, Apr :217 


Atmospheric levels of radioactivity—see atmospheric 
contaminants; environment; environmental levels of 
radioactivity at Atomic Energy Commission installa- 
tions; fallout; nuclear detonations 

Atomic Energy Commission installations—see Argonne; 
Atomics International; Bettis; Feed Materials Pro- 
duction Center; Lawrence; National; Neutron Dev- 
ices; Hanford; Oak Ridge; Paducah; Portsmouth; 
Savannah 

Atomics International 
January—June 1970, Feb:113 
July-December 1970, June :340 


March 1971, July :389 
April 1971, Aug :423 
May 1971, Sept:479 
June 1971, Oct :522 
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diets, July-December 1970, Nov :565 
Radioactivity in California waters 
January—December 1969, Oct :513 


Canada 


Canadian air and precipitation monitoring program 


Sept 1970, Jan:50 

Oct 1970, Feb:111 
Nov 1970, Mar :156 
Dec 1970, Apr:215 
Jan 1971, May :282 


March 1971, July :391 
April 1971, Aug :425 
May 1971, Sept:481 
June 1971, Oct :524 
July 1971, Nov :583 


Feb 1971, June :334 
Carbon-14 
Carbon-14 and tritium in total diet and milk 
January 1969-June 1970, Jan:42 
Carbon-14 in total diet and milk 
July—December 1970, May :263 
January-June 1971, Dec :627 
Cerium-144 ; 
The uptake of cerium—144, promethium-147, and 
plutonium-—238 by oat plants from soils, Feb :83 
Cesium-137—see also diet; milk 
Strontium-90 and cesium—137 levels in the diet of 
children on a school lunch program, Mar :139 
Characterization and certification of health physics 
technicians, June :313 
Chiropractic P , R 
Radiation exposure to a phantom patient during simu- 
lated chiropractic spinal radiography, May :245 


August 1971, Dec :637 
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Color television 
Color television survey in Pennsylvania, Mar:137 
Estimates of potential doses to various organs from 
x-radiation emissions from color television picture 
tubes, Jan:1 
Evaluation of television contribution to the annual 
genetically significant radiation dose of the popula- 
tion, July :363 
Results of a followup radiation survey on color tele- 
vision sets, Suffolk County, New York, Sept :457 
Results of a survey of x radiation from color tele- 
vision receivers in the metropolitan area of San 
Juan, Puerto Rico, 1969-1970, Nov :547 
Connecticut 
Estimated daily intake of radionuclides in Connecti- 
cut standard diet, January—December 1970, Dec :629 
Consideration of stable iodine in the environment in 
the evaluation of maximum permissible concentra- 
tions for iodine-129, Dec :611 
Czechoslovakia 
Strontium-90 in human vertebrae in Czechoslovakia, 
1964-1969, Nov:541 


D 


Dental x rays 
Results of radiation safety surveys of x-ray facilities 
within the Bureau of Prisons and Federal Health 
Programs Service, Mar :129 
Detonations—see also nuclear detonations 
Report of the venting of the December 18, 1970, 
underground nuclear detonation, July :402 
Republic of France nuclear detonations, 1960-1971, 
Dec :663 
Diet 
Carbon-14 and tritium in total diet and milk 
January 1969-June 1970, Jan:42 
Carbon-14 in total diet and milk 
July—December 1970, May :263 
Estimated daily intake of radionuclides in diet—see 
California, Connecticut 
Radionuclides in institutional diet samples 
April-June 1970, Jan:39 
July-September 1970, Feb :97 
October-December 1970 and annual summary 1970, 
May :264 
January—March 1971, Sept :469 
April-June 1971, Nov :563 
Strontium-90 and cesium-—137 levels in the diet of 
children on a school lunch program, Mar :139 
Strontium—90 in tri-city diets, January—December 
1970, Nov :568 
Disposal of radioactive wastes 
Environmental monitoring and disposal of radioac- 
tive wastes from U.S. Naval nuclear-powered ships 
and their support facilities, 1970, May:235 
Dose assessment of ionizing radiation exposure to the 
population, Apr:171 


E 


Editorial 
Strontium-90 ratios in human bone, United States, 
Germany, and England, 1964-1969, Nov :546 
Mission: environmental, Feb :81 
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Environment 
Consideration of stable iodine in the environment in 
the evaluation of maximum permissible concen- 
trations for iodine-129, Dec :611 
Environmental levels of radioactivity at Atomic 
Energy Commission Installations—see Argonne; 
Atomics International; Bettis; Feed Materials 
Production Center; Lawrence; National; Neutron 
Devices; Hanford; Oak Ridge; Paducah; Ports- 
mouth; Savannah 
Environmental monitoring and disposal of radioac- 
tive wastes from U.S. Naval nuclear-powered ships 
and their support facilities, 1970, May :235 
Environmental survey of uranium mill tailings pile, 
Mexican Hat, Utah, Jan :17 
Preoperational radiological surveillance of the Florida 
Power Corporation’s Crystal River power reactor 
site, Sept:441 
Radioactive waste discharges to the environment 
from a nuclear fuel reprocessing plant, June :305 
Summary of environmental monitoring at Ames 
Laboratory, Iowa, 1962-1969, Mar:119 
Errata to December 1970 issue, Mar :169 
Estimates of potential doses to various organs from 
x-radiation emissions from color television picture 
tubes, Jan:1 
Evaluation of television contribution to the annual 
genetically significant radiation dose of the popula- 
tion, July :363 
Evaluation of the sampling frequency of the pasteur- 
ized milk network, Sept :451 


Exposures—see also x ray 


Dose assessment of ionizing radiation exposure to 
the population, Apr:171 


F 


Fallout—see also atmospheric contaminants; environ- 
ment 
Fallout in the United States and other areas, July- 
December 1968 and January—December 1969, Jan :52 
January—December 1970, Dec :639 
Feed Materials Production Center 
January—June 1970, Mar:159 
July—December 1970, Sept :486 
Florida . 
Preoperational radiological surveillance of the Florida 
Power Corporation’s Crystal River power reactor 
site, Sept:441 
Fluoroscopy—see x ray 


Food—see also diet; milk 
Strontium-90 and cesium-137 levels in the diet of 
children on a school lunch program, Mar :139 
The uptake of cerium—144, promethium-147, and 
plutonium-238 by oat plants from soils, Feb :83 
France 
Republic of France nuclear detonations, 1960-1971, 
Dec :663 


G 


Gamma activity—see atmospheric contaminants 





H 


Hanford Atomic Products Operation 
January—December 1968, June :344 
January—December 1969, Dec :643 
Health 
Characterization and certification of health physics 
technicians, June :313 

Public health aspects of iodine-129 from the nuclear 
power industry, Apr :189 

Results of radiation safety surveys of x-ray facilities 
within the Bureau of Prisons and Federal Health 
Programs Service, Mar :129 

Human bone 

Strontium-90 in human bone 
January—March 1970, Jan :67 
April-June 1970, Apr:225 
July-September 1970, June :337 
October-December 1970, Sept :483 
Strontium-90 in human vertebrae in Czechoslovakia, 
1964-1969, Nov :541 


Interstate carrier drinking water analysis program, 
1970, July :382 
Impact of tritium on the watch industry, 1966-1970, 
Dec :601 
Iodine—see also diet. milk 
Consideration of stable iodine in the environment in 
the evaluation of maximum permissible considera- 
tions for iodine-129, Dec :611 
Public health aspects of iodine-129 from the nuclear 
power industry, Apr:189 
Iowa 
Summary of environmental monitoring at Ames 
Laboratory, Iowa, 1962-1969, Mar:119 


J, K, L 


Lawrence Radiation Laboratory 
January—June 1970, May:291 
July-December 1970, Oct :529 


M 


Mexico 
Mexican air monitoring program, August—-December 
1970 and January 1971, Oct :525 
Milk—see also diet; environmental levels 
Carbon-14 and tritium in total diet and milk 
January 1969-June 1970, Jan:42 
Carbon-14 in total diet and milk 
July-December 1970, May :263 
Evaluation of the sampling frequency of the pasteur- 
ized milk network, Sept :451 
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Milk surveillance 
September 1970, Jan:29 
October 1970, Feb:87 
November 1970, Mar:141 
December 1970, Apr:199 
January 1971, May :253 
February 1971, June :319 

Radiostrontium in milk 
January—December 1969, June :328 

Minnesota 

Radioactivity in Minnesota municipal water supplies, 
July-December 1969, May :270 
January—June 1970, Nov:574 


March 1971, July :371 
April 1971, Aug :411 
May 1971, Sept:459 
June 1971, Oct :501 
July 1971, Nov :553 
August 1971, Dec:617 


N 


National Reactor Testing Station 
January—June 1969, Jan:77 
July-December 1969 and annual summary 1969, 
Apr :228 
Neutron Devices Department 
January—June 1970, Feb:116 
New York 
Radioactivity in New York surface water, 
July-December 1969 and January-June 1970, 
Sept :473 
Results of a followup radiation survey on color tele- 
vision sets, Suffolk County, New York, Sept :457 
Nuclear detonations 
Reported nuclear detonations (includes seismic sig- 
nals from foreign test areas) 
December 1970, Jan:80 June 1971, July:401 
Errata, July:401 July 1971, Aug :439 
January 1971, Feb:118 August 1971, Sept:494 
February 1971, Mar:168 September 1971, Oct :539 
March 1971, Apr:234 October 1971, Nov :589 
April 1971, May :299 November 1971, Dec:664 
May 1971, June :362 
Report of the venting of the December 18, 1970 
underground nuclear detonation, July :402 
Republic of France nuclear detonations, 1960-1970, 
Dec :663 
Nuclear fuel 
Radioactive waste discharges to the environment 
from a nuclear fuel reprocessing plant, June :305 
Nuclear power 
Public health aspects of iodine-129 from the nuclear 
power industry, Apr:189 
Nuclear power plants in the United States, 
December 1970, Mar:167 
March 1971, May :301 
June 1971, Sept :491 
Nuclear power reactors in the United States, Septem- 
ber 1971, Nov :595 
Nuclear powered ships 
Environmental monitoring and disposal of radioac- 
tive wastes from U.S. Naval nuclear-powered ships 
and their support facilities, 1970, May :235 
Nuclear reactor sites 
Preoperational radiological surveillance of the Florida 
Power Corporation’s Crystal River power reactor 
site, Sept :441 


O 


Oak Ridge Area 
July—December 1969, Aug :427 
January-June 1970, Nov :589 
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P,Q 


Paducah Plant 
January-June 1970, Mar:162 
Pan American Health Organization 
Pan American air sampling program 
September 1970, Jan:51 March 1971, July :392 
October 1970, Feb :112 April 1971, Aug :426 
November 1970, Mar:157 May 1971, Sept:482 
December 1970, Apr:216 June 1971, Oct:525 
January 1971, May :283 July 1971, Nov :584 
February 1971, June:335 August 1971, Dec:638 
Pan American milk sampling program, see milk 
surveillance 
Particulates—see atmospheric contaminants; atmos- 
pheric levels of radioactivity; Atomic Energy Com- 
mission installations; fallout 
Pasteurized Milk Network—see also milk surveillance 
Evaluation of the sampling frequency of the pasteur- 
ized milk network, Sept :451 
Pennsylvania 
Color television survey in Pennsylvania, Mar :137 
Plutonium 
Plutonium in airborne particulates 
January—June 1970, Mar:157 
July—December 1970, June :335 
January—March 1971, Nov :584 
The uptake of cerium—144, promethium-147, and 
plutonium-—238 by oat plants from soils, Feb :83 
Portsmouth Area Gaseous Diffusion Plant 
January—June 1970, Apr:231 
July—December 1970, Sept :488 


Precipitation—see atmospheric contaminants; atmos- 
pheric levels of radioactivity; Atomic Energy Com- 
mission installations; fallout 
Preoperational radiological surveillance of the Florida 
Power Corporation’s Crystal River power reactor 
site, Sept:441 
Public health aspects of iodine-129 from the nuclear 
power industry, Apr :189 
Puerto Rico 
A joint x-ray radiation survey in Puerto Rico, 1968, 
Oct :495 

Results of a survey of x radiation from color televi- 
sion receivers in the metropolitan area of San 
Juan, Puerto Rico, 1968-1970, Nov :547 


R 


Radiation Alert Network 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


IMPACT OF TRITIUM ON THE WATCH INDUSTRY, 1966—1970. 
F. J. Bradley, R. Blais and A. Jones. Radiological Health Duta and 
Reports, Vol. 12, November 1971, pp. 601-610. 


Tritium contamination from self-luminous watches at wholesale im- 
porters, retailers, and refinishers has been investigated. Air, surface- 
wipe, and urine samples were analyzed for tritium content by liquid 
scintillation counting to determine the extent of the contamination. 

Eleven storage vaults were surveyed, and the highest human exposure 
(0.5 rem per year) was found in a firm which handled approximately 
200 Ci/a and had poor vault ventilation. Contamination was negligible 
in vaults at retail establishments. 

The casing and repair areas of a firm which handled more than 100 
Ci/a had air, surface, and human contamination values of 0.063 pCi/cm5, 
11,200 pCi/100 cm2, 0.48 wCi/liter, and 0.039 pCi/cm3, 7,820 pCi/100 cm2, 
and 0.22 uwCi/liter, respectively, on a yearly average. The casing and 
repair areas of a firm which handled about 10 Ci/a had air, surface, 
and human contamination values of background, 430 pCi/100 cm2, and 
0.08 y»Ci/liter, and background, 807 pCi/100 cm?, and 0.05 ,«Ci/liter, 
respectively, on a yearly average. 

A refinisher who handled an estimated 30-50 Ci/a had air, surface, and 
human contamination values of background, 33,600 pCi/100 cm? (near 
stripping solution), and background, respectively, on a yearly average. 


KEYWORDS: Dial painting, New York, promethium-147 radium, tri- 
tium, watches. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information rela to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


_ The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, 
Radiological Health Data and Reports, EPA, Office of 
ago Programs, Parklawn 18 B-40, Washington, 

.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 





A list of ae keywords (descriptors) which are 


appropriate in 
the abstract. 
Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


exing terms should be given following 





Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be cleariy 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 1°*Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; e.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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